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SECTION  1 


INTRODUCTION 


I.  1  GENERAL 

Thit  volume  contain*  the  procedures  used  and  data  measured  as  part  of  a  base¬ 
band  expansion  study  sjxjnsored  by  the  IRIG  Telemetry  Working  C^oup  (TWG), 
funded  by  White  Sands  Missile  Range  (WSMR)  and  the  Electronic  Systems  Division 
of  the  USAF,  and  undertaken  by  E’ectro-Mechanical  Research,  Inc.  of  Sarasota, 
Florida,  on  17  June  1964  under  coniract  DA-29-040-AMC-746(R).  In  essence, 
the  program  consisted  of  an  evaluation  of  equipment,  a  study  tc  determine  a  feasi¬ 
ble  baseband  expansion,  and  a  program  of  experimentation  to  evaluate  expansion 
and  provide  recommendations  for  systems  application. 

Telemetry  equipment  representative  of  that  typical  in  field  use  was  gathered  and 
evaluated  to  determine  if  there  were  any  characteristics  which  would  prohibit  its 
use  in  an  FM/FM  baseband  expanded  in  frequency  to  200  kc.  Those  parameters 
which  were  thought  to  contribute  to  total  system  error  were  also  evaluated.  Pa¬ 
rameters  such  as  receiver  IF-envelope  delay  variation,  transmitter  dynamic  lin¬ 
earity,  tape-recorder  harmonic  distortion,  etc.  ,  were  measured.  Where  possible 
similar  units  from  different  m.anufacturers  were  obtained. 

In  order  to  determine  the  feasibility  of  the  recommended  expansions  of  the  FM/- 
FM  basebands,  a  complete  laboratory  telemeter  was  constructed  and  several  base¬ 
bands  were  evaluted  using  specific  system  tests.  The  system  tests  included  ex¬ 
perimental  optimization  of  the  transmitter  pre-emphasis,  intermodulation, 
signal-to-noise  and  system  error  tests.  Determination  of  the  effect  of  post  de¬ 
tection  recording,  system  accuracy,  and  applicability  for  pulse  modulation  were 
considered  as  w  ell. 


1.2  FORMAT  DESCRIPTION 

The  format  of  this  report  includes  two  volumes.  Volume  I  contains  the  summar- 
izations  of  the  data  obtained  and  interpretations  and  conclusions  based  upon  this 
data.  This  volume.  Volume  II,  as  an  appendix  to  Volume  I,  contains  the  detailed 
procecures  used  and  the  actual  data  measured.  Both  volumes  are  subdivided  into 
similar  sections.  A  description  of  the  program  objectives,  the  overall  approach, 
and  the  design  of  the  recommended  basebands  are  contained  in  Section  1  of  Volume 
I.  Section  2  in  both  volumes  discuss  the  equipment  evaluation.  The  individual 
systems  tests  are  included  in  Section  3  of  each  volume.  Volume  I  alone  contains 
a  fourth  section  where  the  program  conclusions  and  recommendations  appear. 

Throughout  this  report,  figures  and  tables  have  been  seqtientialiy  numbered  within 
each  section  with  the  volume  number,  in  Roman  numerals,  as  well  as  the  section 
number  appearing  each  time. 
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1.  3  BASEBAND  DESIGN  AND  DESCRIPTION 


1.  3.  I  Proportional -Bandwidth  Baarbanda 

The  dcaign  of  the  expanded  proportional-bandwidth  baaeband  ia  a  direct  expanaion 
of  the  present  IRIC  configuration.  The  center  frequenciea  of  the  high  frequency 
channels  are  approximately  1.  3  times  the  previous  upper  channel.  Thua,  channels 
are  located  at  93  kc,  124  kc,  165  kc,  220  kc,  etc.  Like  the  present  IRIG  channels, 
it  is  desirable  to  operate  all  channels  at  ±7.  5%  deviation  or  by  deleting  alternate 
channels  when  operation  at  *15%  deviation  is  desirable. 

Although  the  spacing  of  the  new  proportional-bandwidth  channels  was  straightfor¬ 
ward,  the  number  of  additional  channels  that  can  be  added  under  the  constraint  of 
the  500  kc  receiver  IF  bandwidth  and  the  transmitter- radiated-spectrum  limitation 
needed  to  be  determined.  Using  a  technique  proposed  by  H.  O.  Jeske^^J,  the  higher 
subcarrier  cha.nnels  can  be  compared  to  the  present  70-kc  channel: 

"From  a  study  of  the  sideband  structure  of  a  frequency  modulated  ^ 
signal  it  is  found  that  for  a  given  deviation  the  envelope  formed  by 
the  sidebands  have  steeper  skirts  lor  the  lower  modulating 
frequencies.  Since  this  is  the  case,  only  the  highest  modulation 
frequency  is  important  unless  a  pre-emphasis  taper  is  used 
opposite  to  the  normally  used  tapers.  Also  from  the  theory  of 
FM  sideband  structure,  when  multiple  modulating  frequencies  are 
employed,  additional  modulation  components  are  produced  over 
the  components  produced  by  the  superposition  of  the  simple  com¬ 
ponents  due  to  the  individual  modulation  frequencies.  These 
additional  frequencies  are  the  sums  and  difference  of  the 
simple  sidebands  removed  from  the  carrier.  Fortunately, 
their  amplitudes  are  equal  to  the  products  of  the  Bessel 
function  amplitudes  producing  the  original  simple  sidebands 
and  are  therefore  relatively  small.  It  therefore  appears  to  be  safe 
to  assume  that  for  a  normal  pre-emphasis  taper  or  even  no  taper 
the  bandwidth  occupied  by  an  FM/FM  telemetry  system  is 
dependent  on  the  modulation  level  of  the  highest  frequency  sub¬ 
carrier  only.  " 


A  sideband  study  of  the  higher  frequency  channels  was  made  using  the  radiated 
spectrum  limit;  The  40  db  bandwidth  of  the  modulated  carrier,  referenced  to 
the  unmodulated  carrier,  shall  rot  exceed  *320  kc.  Carrier  corhponents 
appearing  outside  a  ±500  kc  bandv/idth  shall  not  exceed  -25  dbm. 


Jeske,  H.  O. ,  Extension  of  Proportional  Bandwidth  FM  Subcarrier  Channels, 
Unpublished  paper, 
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The  sideband  calculation  for  ±7.5%  and  ±15%  subcarrier  deviations  are  shown 
in  Tables  II-l.  3-1  and  II-l.  3-2  respectively. 


Note  that  a  0.  01%  allowance  is  made  for  drift  and  the  -25  dbm  specification  is 
converted  to  -75  db  relative  to  a  100-watt  unmodulated  carrier.  Since  IRIC 
document  106-60  limits  transmitter  power  to  100  watts,  this  is  a  worst  case 
condition. 


The  procedure  used  for  the  calculation  of  Tables  II-l.  3-1  and  II-l.  3-2  is  to 
first  determine  the  sideband  which  lies  just  outside  the  bandwidth  limit.  Next, 
using  a  table  of  Bessel  functions,  choose  the  maximum  modulation  index  (MI) 
that  does  not  cause  the  sideband  outside  the  particular  bandwidth  to  exceed  the 
radiated  spectrum  level.  From  the  modulation  index,  the  maximum  transmitter 
deviation  allotted  to  that  particular  channel  can  be  determined.  This  procedure 
is  repeated  at  center  frequency  and  at  the  bandedges  to  determine  the  limiting 
case.  The  limiting  case  then  determines  the  maximum  allowable  transmitter 
deviation  for  that  channel. 

Table  II-l.  3-3  shows  a  comparison  of  the  signal -to -noise  performance  of  the 
high-frequency  channels  relative  to  the  70-kc  channel,  based  upon  the  maximum 
allowable  transmitter  deviation  derived  in  Tables  II-l.  3-1  and  II-l.  3-2. 

To  define  further  the  number  of  channels  to  be  added  to  the  proportional -band - 
width  baseband,  the  minimum  transmitter  deviation  allotted  to  each  subcarrier 
was  determined.  This  minimum  is  based  on  the  criteria  that  the  receiver  should 
threshold  at  a  carrier -to -noise  ratio  higher  them  that  for  the  subcarriers  to 
threshold,  i.  e. ,  the  receiver  should  threshold  first.  For  this  condition  to  be 
maintained,  the  subcarrier -to-noise  ratio  must  exceed  the  receiver  IF  carrier - 
to -noise.  The  minimum  transmitter  deviation  allotted  to  each  subcarrier  is  thus 
the  deviation  sufficient  to  cause  the  subcarrier -to-noise  ratio  to  equal  the  IF 
carrier -to-noise  ratio.  Figure  U-1.  3-4  shows  the  minimxim  deviation  as  a 
function  of  the  subcarrier  center  frequency.  The  straight  line  which  defines  the 
minimum  deviation  is  the  classical  3/2-power  curve  and  is  based  upon  the  fol¬ 
lowing  calculation: 

Assumptions:  Triangular  noise  in  passband. 

Subcarrier -to -noise  ratio  equal  to 
IF  carrier -to -noise  ratio 

IF  bandwidth  =  500  kc 

BPIF  bandwidth  =  15%  of  center 
frequency 

Carrier -to -noise  above  threshold. 
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where. 


(S/N)  =  (S/N) 

■  c 


B 


2B 


1/2 


dc 


(S/N)  =  subcarrier >to •noise  ratio 

8 

(S/N)^  =  IF  carrier -to -noise  ratio 

B  =  IF  bandwidth 

c 

B  =  Subcarrier  filter  bandwidth 


dc 


Peak  carrier  deviation  allotted  to  particular  subcarrier 
channel 


But,  (S/N) 


dc 


=  Subcarrier  center  frequency 


=  (S/N)  ,  therefore 


=  f 


B 


As  an  example,  consider  the  40  kc  ±15%  channel: 


=  40,000 


2(12,000) 
500,000  J 


f ,  =  8,  76  kc 

dc 


In  addition  to  the  minimum  deviation  line  in  Figure  II- 1.  3-4,  the  maximtim 
carrier  deviation  from  the  sideband  study  shown  in  Table  II- 1.  3-2  is  also  plot¬ 
ted.  The  area  of  permissible  operation,  i.  e. ,  peak  transmitter  deviation  al¬ 
lotted  to  each  subcarrier,  is  thus  the  region  bounded  by  the  two  curves  in 
Figure  U-1.  3-4.  The  maximum  subcarrier  center  frequency  is  also  fotind  to 
be  135  kc.  The  initial  expanded  proportional-bandwidth  baseband  considered 
thus  contained  channels  at  93  kc  and  124  kc;  however,  dxiring  the  system  test  it 
was  found  that  the  165  kc  channel  could  be  added  while  still  maintaining  the  sub 
carrier  threshold  above  the  receiver  threshold.  This  is  discussed  in  more 
detail  in  Volume  I.  Table  II- 1.  3-5  shows  the  channel  allocations  for  the  base¬ 
bands  evaluated  using  the  laboratory  telemeter. 


1.  3.  2  Constant-Bandwidth  Baseband 

A  similar  calculation  of  maximum  and  minimum  transmitter  deviation  allotted 
to  each  subcarrier  channel  as  described  for  the  proportional -bandwidth  base¬ 
band  was  also  made  for  the  constant -bandwidth  baseband.  The  sideband  study 
calculations  are  shown  in  Table  II-l.  3-6  for  binary  channels  spaced  8  kc  apart 
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and  with  ±2  kc.  Calculations  are  also  shown  for  each  channel  with  ±4  kc  devia¬ 
tion;  however,  only  alternate  ch’^nnels  can  be  used  with  ±4  kc  deviation. 

The  minimum  transmitter  deviation  to  maintain  the  subcarrier -to-noise  equal 
to  the  IF  carrier -to-noise  ratio  was  calculated  for  ±2  kc  deviation  in  an  identi¬ 
cal  manner  as  for  the  proportional-bandwidth  baseband  and  is  shown  in  Figure 
II- 1.  3-7.  The  maximum  deviation  based  on  the  sideband  study  shown  in  Table 
II-l.  3-6  is  also  plotted  in  Figure  II-l.  3-7.  The  area  of  permissible  operation 
is  then  again  the  region  bounded  by  the  two  curves.  The  maximum  center  fre¬ 
quency  is  approximately  180  kc.  Thus,  the  constant-bandwidth-baseband  con¬ 
figuration  which  most  nearly  meets  the  objectives  of  the  baseband  expansion 
outlined  in  Volume  I  and  which  was  chosen  for  evaluation  is  the  2 1 -channel  sys¬ 
tem  (  Figure  I-l.  5-2)  with  the  highest  frequency  channel  at  176  kc.  The  channel 
allocations  and  implementation  for  this  baseband  are  shown  in  Table  II-l.  3-8. 


1.  3.  3  Combinational -Bandwidth  Baseband 

To  meet  the  object  .ve  of  a  baseband  providing  both  constant-  and  proportional - 
bandwidth  channels,  the  com  binational -bandwidth  baseband  was  designed  and 
evaluated.  This  baseband  consists  of  taking  the  21 -channel  constant-bandwidth 
baseband  and  filling  the  space  between  dc  and  the  first  constant -bandwidth  chan¬ 
nel  at  16  kc  with  IRIG  proportional -bandwidth  channels. 

With  the  ±2  kc  constant -bandwidth  channels  spaced  8  kc  apsart,  the  guard -band 
limit  associated  wit’  each  channel  is  2  kc  or  ±4  kc  from  band  center.  For  the 
16  kc  channel,  this  band  extends  to  12  kc.  The  center  of  the  guard  band 

between  IRIG  channel  12  (10.  5  kc  ±7.  5%)  and  channel  13  (14.  5  kc  ±7.  5%)  io 
12.  3  kc  which  is  above  the  12  kc  guard  band  edge  for  the  first  constant -bandwidth 
baseband  channel. 

Thus,  the  highest  IRIG  channel  used  in  the  combinational -bandwidth  baseband  is 
channel  11  (7.  35  kc  ±7.  5%).  The  combinational-bandwidth  baseband  thus  consists 
of  IRIG  channels  1  through  11,  Table  II-l.  3-5, and  constant-bandwidth  channels 
]  through  21,  Table  II-l.  3-8. 
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1.  4  DEFINITION  OF  SYMBOLS  AND  TERMS 

I  lie  .1  bbreviations  and  symbols  below  are  used  throughout  the  text. 


BPIF 

CBW 

Crosstalk 

db 

dbm 

DR 

FBW 

f 

c 

f 

m 

IF 

Intermodu¬ 

lation 

LPOF 

MI 

PBW 

rms 

transmitter 

deviation 


Band-pass  input  filter  of  subcarrier  discriminator 
Constant  bandwidth 

Interference  in  a  given  channel  which  has  its  origin  in 
another  channel,  e.  g. ,  adjacent  channels  in  a  frequency 
division  multiplex  system. 

Voltage  or  power  levels  referenced  to  unity  in  decibels 

Power  level  in  db  referenced  to  1  milliwatt  or  voltage 
level  in  db  referenced  to  the  voltage  into  600  ohms  which 
dissipates  1  milliwatt 

Deviation  ratio;  in  a  frequency  modulation  system,  the 
ratio  of  the  maximum  frequency  deviation  to  the  maximum 
modulating  frequency  of  the  system. 

Full  bandwidth 

3-db  cutoff  frequency 

Maximum  modulation  frequency  for  a  particular  deviation 
ratio 

Intermediate  freqeuncy  amplifier  of  receiver 

The  modulation  of  the  components  of  a  complex  wave  by 
each  other,  producing  waves  having  frequencies  equal  to 
the  sums  and  differences  of  integral  multiples  of  the  com¬ 
ponent  frequencies  of  the  complex  wave. 


Low-pass  output  filter  of  subcarrier  discriminator 

Modulation  index;  for  a  sinusoidal  modulating  wave,  the  ratio 
of  the  frequency  deviation  to  the  frequency  of  the  .modulating 
wave. 

Proportional  bandwidth 

Transmitter  deviation  sensitivity  (kc  peak/voltage  peak) 
times  rms  voltage  input. 
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TABLE  II.  1. 3-2 

SIDEBAND  CALCULATIONS  FOR  ADDITION  OF  A 1 5%  HIGHER  FREQUENCY 
PROPORTIONAL  BANDWIDTH  SUBCARRIERS 
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SIDEBAND  CALCULATIONS  FOR  ADDITION  OF  ±15%  HIGHER  FREQUENCY 
PROPORTIONAL  BANDWIDTH  SUBCARRIERS 
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♦  Indicates  Limiting  Case 


TABLE  II-I.3-3 

SUMMARY  OF  SIGNAL- TO- NOISE  PERFORMANCE  OF  HIGHER  FREQUENCY 


Peak  Carrier  Deviation  (kc) 


Maximum  Deviation  Limit 


Subcarrier  Center  Frequency  (kc) 


FIGURE  n-l.  3-4 

FM/FM  CARRIER  DEVIATION  LUvQT  FOR  WIDEBAND 
PROPORTIONAL  BANDWIDTH  CHANNELS 
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CHANNEL  ALLOCA  l  lUMb  i-  UK 
PROPORTIONAL  BANDWIDTH  BASEBANDS 


IRIG 

Baseband 

Expanded 

Expanded 

Proportional 

Bandwidth 

Baseband 

Center 

F  requency 
(kc) 

IRIG 

Baseband 

with 

W  ideband 

Channel 

Proportional 

Bandwidth 

Basr;ba.^d 

_ ^ _ 

with 

W  ideband 
Channel 

1 _ 

0.40 

1 

moE 

1 

B 

±7.  57. 

liHIIS 

0.  56 

2 

mm 

2 

±  7.  5% 

±7.  5% 

0.  73 

3 

3 

±7.  5% 

3 

i7.  57. 

0.  96 

4 

±7.  5% 

4 

■n 

B 

wm 

±7.  57, 

1 .  30 

5 

±7.  5% 

5 

±7.  57o 

1  .  70 

6 

6 

±7.  5% 

6 

±7.  5% 

6 

Bn 

2.  30 
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7 

±7.  5% 

7 
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Bn 
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mm 

8 
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Bn 
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TABLE  11-1.3-6 

SIDEBAND  CALCULATIONS  FOR  CONSTANT  BANDWIDTH  CHANNELS 
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TABLE  II-l.  3-6  (CONT'D.) 

SIDEBAND  CALCULATIONS  FOR  CONSTANT  BANDWIDTH  CHANNELS 
Conditions:  P^=  100  watts  Specifications:  -40  db  at  i: 320  kc 

Drift  Allowance  =  0.01%  -25  dbm  at  ±500  kc 


c 

le 

*) 

to 


V 

CD 

Zl  E  r* 
0.-^0 
e  J  o 
E  w  o 

^  o 


"c  «  y 

•Si? 

to  O  ■« 


§c 

I  eSi 

•  >  -M 


IS 


•o 

c 

ft 

Ji 

o 

•a 

..4 

to 


«) 

*0  « 
3  O 
--  -i 

z;  E  o 

rt.  •M  • 

Bd^ 

< 


'Sow 

S 

O  tj  O' 
t>  5  IM 

to  °  -H 


S  o 

C  -4  — 

*3  ZJ  ^ 
lo  if 


h 

m 

*< 

*4  ^ 

It  u 

9 

to 


•M* 

■M* 

■M* 

P- 

P- 

P'- 

t- 

P- 

^■it 

0^ 

•“M 

1  O  I 

1  O  1 

O  !  1 

O  1  i 

O  1  1 

o 

1  O  1 

1  O  1 

O  1  1 

O  1  1 

O  •  1 

o 

•  O  1 

1  O  1 

O  1  1 

O  1  1 

O  1  1 

o 

• 

• 

» 

o 

o 

o 

o 

o 

o 

* 

* 

* 

« 

^ _ 

>0  'O  >0 


\0  O  nO 


M  ro  fsj 


^  ^  4r 

O  vO  'O 


fO  PO  P<^ 


to  pp^  m 

sO  \0  >o 


fo  pn  po 


00  00  00 
>0  vO  >0 


pp)  PO  PO 


r- 

•vO.  nO  sO 


O'  f- 
(M  PM 
O  O 
O  O 
•  • 
o  o 


O' 

p- 

PM 

PM 

IM 

o 

O 

O 

1 

o 

O 

1 

o 

1 

1 

i 

• 

• 

• 

• 

1 

1 

1 

o 

o 

1 

o 

1 

1 

p- 

p- 

PM 

PM 

PJ 

o 

o 

o 

O  1  i 

O  >  1 

o 

•  •  1 

.  1  1 

• 

O  •  i 

O  i  1 

o 

I 

I 

I 


I 

I 


I 


N  -4 

m  m  I 

•  •  I 

o  o  I 


Pn  -4 

iTl  iT)  I 

•  •  I 

o  o  • 


-4  O 
lO  xf)  I 

.  •  I 

O  O  t 


-4  O 

m  m  • 

.  .  I 

o  o  I 


-4  O 

IT)  IT)  ) 

•  •  I 

O  O  « 


-4  O 

iTi  ir>  I 

•  •  I 

O  O  I 


p^fopo  pnpp>pp»  popopo  pofp^po  popopo  pn^pn 


fV)OPM  (MOPM 

•  •  +  I  + 


't*  O  ^ 


«M  O  IM 


O 

I  + 


DON 
4  tM  PM 


40  O  'f 

-4  PM  PM 


O  00  O 
P^J  N  PO 


fS  00  PNJ 
IM  PM  «*> 


^  vO  00 
PO  ppt  PO 


(M  >0  O 
PO  pp|  ^ 


15 


^Indicates  Limiting  Case 


u 

X 

o 

M 

•« 

TJ 

u 

X 

o 

o 

in 

•« 

E 

ja 

•o 

Sideband 

Amplitude 

(Limit 

0.  000178) 

*0. 0001 74 

910000*0 

910000  *0 

'O 

o 

o 

o 

o 

• 

o 

1 

1 

1 

I 

*0. 000166 

1 

1 

1 

0.000004 
*0. 000166 

1 

1 

I 

Sideband 
Outside 
±474  kc 

Tf  ^  ^ 

Tf  If  Tf 

If  If  ^ 

If 

If 

If 

ro 

m 

m 

'O'  fA 

m 

O 

m 

nj 

1 

1 

c  .  c 

•  • 

ID 

5  0 

P  ^  .P4  ^ 

£  c  15  S 

.<j«  rf 

•  •  • 

in  in  in 

m 

» 

m 

• 

m 

• 

vO 

• 

'£) 

• 

vD 

• 

.0 

.0 

o 

• 

c 

.5  c  .2  j«! 

fM  M  ro 

A1  AJ  A1 

mm 

P-4 

P—4 

AJ  AJ 

AJ 

0 

X  '  >  -H 

yj>  rj>  yf 

If  If  ^ 

If 

If 

ro 

m 

ro  m 

(d  <u 

(fl 

2  Q 

u 

S-4 

|H 

■■m 

•1^ 

u 

0) 

1 

4) 

T3  *0 

r- 

r- 

A- 

■ 

CU 

C  ?  -w  o 

ni 

O' 

O' 

O' 

m 

■ 

m  m 

if> 

rt  H  ‘2  — 

o 

o 

o 

o 

o 

■ 

o  o 

^  :3  P  ::5 

O  1  • 

1  1  o 

O  1  1 

o 

1 

1 

o 

B 

o  o 

I 

V  a,  .i3  . 

•  1 

1  1  • 

•  i  1 

• 

1 

1 

• 

B 

• 

1 

"O  C  J  O 

O  1  1 

1  1  o 

O  1  1 

o 

1 

1 

o 

B 

o  o 

1 

•«■ 

*• 

* 

w  < 

■ 

■ 

GO 

sO  (A 

m 

>0 

00 

in 

m 

m 

3  iJ 

•-4  •>4 

00  00 

00  A*  f- 

00 

vO 

o 

O' 

O' 

o  o 

O' 

. 

^  • 

in  in  ( 

1  AJ  AJ 

AJ  A1  AJ 

AJ 

AJ 

AJ 

AJ 

mm 

mm 

AJ  AJ 

o 

u 

0. 

0. 

1  •  • 

«  o  o 

•  •  • 

o  o  o 

• 

o 

• 

o 

• 

O 

• 

o 

» 

o 

• 

o 

*0 

*0 

• 

o 

V 

m 

u 

c 

Id 

ft 

> 

*2  4>  o 

? 

o 

0 

S  *0 
<0 

n  ^ 

o 

•wi4 

< 

tJ  3  rj 

m  m  m 

rO  fA  AJ 

AJ  AJ  AJ 

AJ 

AJ 

AJ 

AJ 

AJ 

AJ 

AJ  AJ 

AJ 

II 

W  °  -H 

P 

t 

m 

’71  P 

c 

2  0 

0 

c 

S 

ro  o  nJ 

-If  o 

AJ  O  AJ 

If 

o 

If 

AJ 

O 

AJ 

If  O 

If 

.1:1 

2  «  A 

1  + 

1  + 

1  + 

1 

■¥■ 

1 

+ 

1 

+ 

•0 

;P  0 

c 

0 

U  cu 

U 

»4 

« 

•1^ 

fl)  u 

AJ  'If  >0 

o  If  00 

O  AI  ^ 

00 

AJ 

>o 

00 

o 

AJ 

o  o 

'4* 

u  .X 

^  ^ 

^  If 

in  in  m 

m 

in 

m 

lO 

s£) 

in  >0 

lO 

•O 

a 

^ 

^  ^  f-« 

mm 

mm 

mm 

«— 4 

0mt 

mm  <mm 

mm 

(0 

16 


*  Indicates  Limiting  Case 


TABLE  n-l .  3-6  (CONT‘D. ) 

SIDEBAND  CALCULATIONS  FOR  CONSTANT  BANDWIDTH  CHANNELS 
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SIDEBAND  CALCULATIONS  FOR  CONSTANT  BANDWIDTH  CHANNELS 
Conditions:  =  100  watts  Specifications:  -40  db  at  ±320  kc 

Drift  Allowance  =  0.01%  -2S  dbm  at  ±500  kc 
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♦Indicates  Limiting  Case 


Peak  Carrier  Deviation  (kc) 


FIGURE  n-1.  3-7 

FM/FM  CARRIER  DEVIATION  LIMIT  FOR 
±Z  KC  CONSTANT  BANDWIDTH  CHANNELS 
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TABLE  U-1.  3-8 
CHANNEL  ALLOCATIONS  FOR 
CONSTANT  BANDWIDTH  BASEBAND 
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SECTION  2 


EQUIPMENT  EVALUATION 


2.  1  GENERAL 

This  section  contains  block  diagrams,  procedures,  and  measured  data  for  the 
equipment -evaluation  portion  of  the  baseband -expan  i ion  study.  The  equipment 
evaluation  was  undertaken  to  measure  characteristics  of  the  equipments  used 
which  would  affect  the  accuracy  of  the  telemeter  or  the  ability  to  add  additional 
higher -frequency  channels  to  the  baseband. 
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2.2  VOLTAGE -CONTROLLED  OSCILLATORS 

Of  the  36  standard  IRIG  ±7.  5%  VCO#  and  two  93.  5  kc  *15%  VCO*  received  as  GFE 
for  the  study  contract,  five  units  were  selected  for  evaluation: 


Manufacturer 

Model 

Frequency 

Serial  No. 

Tele -Dynamics 

1270 A 

3.0  kc  *7.  5% 

21-404 

Tele -Dynamics 

1270 A 

70.  0  kc  *7.  5% 

27 -565 

Vector 

TS-41 

3.  0  kc  *7.  5% 

3742-25 

Vector 

TS-41 

70.  0  kc  *7.  5% 

5683-25 

Vector 

TS-41HF 

93.  5  kc  *15% 

8485-5 

An  EMR  307 A,  32  kc  *2  kc  VCO  was  also  subjected  to  the  same  evaluation  b^sts 
of  static  and  dynamic  linearity,  modulation  feedthrough,  total  harmonic  distor¬ 
tion,  and  crosstalk. 

Block  diagrams  and  measured  data  for  these  tests  are  contained  in  Tables  II- 
2.2-1  through  -2.2-4. 
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KO  STATIC  AMD  DYMMIC  LJMBARtry 
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TABLE  11-2.  2-2 


yCO  MODULATtON  FEEDTHffOUGH 


MoJula^ion  fref, 

' 

feo 

«*  )$M(/ J 

72?/  /270A 

70.0tt*7.s/, 

J2S0  (MI*i) 

000487. 

Vechr  7S-4/ 
70.0k±7.S% 

S2SO  /kf:*/) 

0.3747. 

Vtc-kf  TS-41  tfP 
93.Sk,.  ±.  ts% 

/4,coo(kt/*j:J 

0877 

if 

7800  (ki 7  ^s) 

0./7% 

EMR  307 A 

3Z.0kc  ±2.0kc 

7000(MI-1) 

0.032% 

'Hit  AuJio  eacHh/ifir  memsure  Me 

compoeeet  of  '^ht  /CO  tu'fpu/  re/tr^mtet/  /t  Mt  (mmoA/tM/ 
\/C0  ou^ic^ 


V 


-24- 


TABLE  II-2.  2-3 
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TABLE  11-2.  2-4 


i^CO  crosstalk 
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2.  3  MIXER  AMPLIFIER 


The  Sonex  TEX-3210  Mixer  Amplifier  was  evaluated  for  frequency  response, 
harmon.'c  content,  and  intermodulation  characteristics.  The  respective  results 
and  block  diagrams  for  the  tests  are  included  in  Tables  II-2.  3-1  through  II-2.  3 
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TABLE  II-2.  3-1 
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j  TABLE  n-2.  3-2 
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TABLE  II-2.  3-3 
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2.  4  GROUP  TRANSLATOR 


2.  4.  1  General 

The  EMR  Model  316  Frequency  Translator  is  used  in  constant-bandwidth  FM/FM 
telemetry  systems  to  generate  stable  high-frequency  subcarrier  channels  by  tran* 
lating  up  in  frequency  the  outputs  of  standard  EMR  subcarrier  oscillators  (VCOs) 
operating  in  the  lower  subcarrier  frequency  spectrum.  The  block  diagram  of  a 
constant-bandwidth  VHF  FM/FM  telemeter  is  shown  in  Section  1.  5  of  Volume  I. 

The  outputs  of  the  subcarrier  oscillators  for  CBW  channels  1  through  6,  16.  0  kc 
through  56.0  kc,  are  linearily  mixed  in  the  Model  316A-01  for  Group  "A,"  The 
outputs  of  five  subcarrier  oscillators,  whose  center  frequencies  and  frequency 
deviations  are  identical  to  those  of  the  VCOs  for  CBW  channels  2  (24.0  kc)  througl 
6  (56.0  kc),  are  mixed  in  the  Model  316X-01  Frequency  Translator  for  Group  "B. 
The  outputs  are  frequency  translated  as  a  group  to  the  multiplexed  subcarrier 
channel  frequencies  for  CBW  channels  7  through  11,  64.0  kc  through  96.0  kc. 
Multiplexed  channels  12  (104.0  kc)  through  16  (136.0  kc)  are  similarly  obtained 
by  the  Model  316X-02  for  Group  "C,  ”  and  chani.els  17  (144.0  kc)  through  21 
(176.0  kc)  by  the  Model  316X-02  for  Group  "D.  "  The  subcarrier  channels  in 
Group  "A"  are  mixed  but  not  translated  in  frequency.  The  Group  A,  B,  C,  and 
D  outputs  are  linearily  mixed  in  a  Model  31  lA  Mixing  Amplifier  and  the  multi¬ 
plex  output  signal,  consisting  of  constant -bandwidth  FM  subcarrier  channels  1 
through  21,  is  applied  as  the  modulating  signal  to  the  VHF  FM  transmitter. 

The  entire  telemeter  may  contain  only  six  different  types  of  subcarrier  oscillators 
The  frequency  deviation  of  all  VCOs  is  within  the  limits  of  ±3.  57%  to  il2.  5%  of 
center  frequency,  which  makes  it  p>ossible  to  generate  accurate  and  stable  sub¬ 
carrier  FM  signals.  A  number  of  proportional -bandwidth  channels  may  be  add¬ 
ed  in  the  lower  frequency  spectrum  of  Group  "A"  below  16.  0  kc  if  additional  chan¬ 
nels  are  required,  as  is  shown  in  Section  1.  5  of  Volume  I. 


2.  4.  2  Specifications 

A  detailed  evaluation  program  for  the  group  translator  was  not  undertaken  as  part 
of  the  baseband  expansion  study.  The  unit  was,  however,  evaluated  by  other  EMR 
personnel  and  its  performance  to  the  following  specifications  verified: 

Subcarrier  Frequencies:  Standard  constant -bandwidth  FM  subcarrier  channels 
spaced  8.  0  kc  apart  from  16  kc  to  176  kc.  Other  constant -bandwidth  FM  systems 
are  available  with  multiplexed  subcarrier  channel  center  frequencies  in  the  range 
of  the  4  kc  to  750  kc. 

Subcarrier  Frequency  Deviation;  ±2  kc,  ±4  kc,  and  ±8  kc  are  standard.  Other 
constant -bandwidth  FM  systems  are  available  with  subcarrier  frequency  deviation 
in  the  range  of  ±1  kc  to  ±16  kc. 


Subcarrier  Deviation  Polarity:  Deviation  polarity  of  »ubcarrier  chaxtnels  in 
Group  "A"  is  maintained;  deviation  polarity  of  channels  in  other  groups  is  in¬ 
verted.  Normally  overall  positive  polarity  from  VCO  input  to  subcarrier  dis¬ 
criminator  output  is  maintained  due  to  reinversion  of  the  inverted  channels  in 
ground  frequency  detranslation  equipment  such  as  the  EMR  Model  259. 

Input  Signal:  Model  316A  (Group  "A"):  Outputs  of  EMR  Models  306A,  307 A,  or 
309  A  VCOs  for  channels  1  through  6.  Outputs  of  VCOs  for  channel  A  and/or 
proportional -bandwidth  channels  may  be  added  if  additional  channels  are  required. 

Model  316X  (Groups  "B,  "  "C,  "  "D, Outputs  of  EMR  Models  306 A,  307  A, 
or  309A  VCOs  for  channels  2  through  6.  For  standard  constant -bandwidth  sys¬ 
tems  a  46.  4k  ohm  mixing  resistor,  contained  in  the  VCOs,  is  used.  The  EMR 
VCOs  for  use  in  standard  constant -bandwidth  systems  have  a  floating  output 
ground  connection  to  reduce  inter -group  crosstalk  to  a  negligible  level. 

Output  Signal:  Adjustable  to  5  volts  peak-to-peak  maximum  open  circuit  (mea¬ 
sured  at  output  test  point),  referenced  to  grovmd.  A  series  mixing  resistor  of  10k 
ohms  minimum  is  installed  at  manufacture  to  provide  the  desired  system  em¬ 
phasis. 

Heterodyne  Signal:  A  crystal -controlled  reference  signal  is  generated  within 
all  Model  316A  Frequency  Translators  except  the  Model  316A  for  Group  "A.” 

A  test  point  is  provided  for  monitoring  this  signal. 

Frequency  Range:  50  kc  to  800  kc 

Frequency  Accuracy:  ±0.  005%  at  25°C 

Frequency  Stability:  ±0.  0025%  from  the  frequency  at  26°C 

over  the  range  -20  C  to  +85  C 

Subcarrier  Gain:  Overall  subcarrier  gain  is  measured  from  the  input  of  the 
VCO  mixing  resistor  (VCO  test  point)  to  the  open  circuit  frequency  translator 
output  (Model  316A  output  test  point).  The  subcarrier  gain  of  a  frequency  at 
the  center  of  the  output  passband  of  the  Model  316A  is  adjusted  in  manufacture 
to  0.  1  (-20  db).  The  subcarrier  gain  for  frequencies  in  the  passband  from 
low  band  edge  to  the  lowest  frequency  output  channels  to  high  band  edge  of  the 
highest  frequency  output  channel  is  within  ±1  db  of  the  gain  measured  at  the 
center  of  the  output  passband. 

Subcarrier  Emphasis:  Relative  subcarrier  levels  are  adjusted  by  "output” 
controls  of  the  VCOs.  Group  level  is  adjusted  by  "output"  control  of  Model 
316A  Frequency  Translator.  Multiplex  level  (modulation  signal  to  the  VHF  FM 
transmitter)  is  adjusted  by  "output"  control  of  the  Model  311A  Mixing  Amplifier. 
The  output  mixing  resistor  of  each  Model  316A  is  adjustedin  manufacture  for 
approximate  mid -setting  of  the  "output"  control  of  the  Model  316A  for  the  desired 
emphasis.  Recommended  emphasis  schedules  and  list  of  nominal  system  levels 
for  standard  constant-bandwidth  FM/FM  systems  are  available  on  request. 
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Spurious  Output  Signals:  Individual  spurious  output  signals  are  -46  db  or  less 
referenced  to  the  nominal  individual  subcarrier  output  level.  This  specification 
includes  the  following  undesired  output  signals: 

Undesired  sideband 

Input  multiplex  feedthrough 

Hetrodyne  signal  (fundamental,  harmonics,  and  sidebands  about  harmonics) 

Input  signal  harmonics  generated  in  the  316A 
Input  signal  intermodulation  products 
Power  supply  ripple  components 

Based  on  5  subcarriers  per  translation  group,  nominal  levels  are: 

Measured  Level 

At  Test  Point  of  SCO  At  Output  Test  Point  of  3i6A 
Subcarrier  Level  1.  5  rms  0.  15  rms 

Multiplex  Level  ...  2.  E  p-p 


Power  Supply  Sensitivity:  Operation  is  as  specified  with  a  steady-state  supply 
voltage  or  a  4 -volt  pcak-to-peak  dynamic  change  in  supply  voltage  (dc  to  100  kc) 
anywhere  in  the  range  of  +24  to  +32  volts. 

Power  Requirements:  Positive  28.  0  volts  dc  nominal  referenced  to  ground; 

±4.  0  volts;  30  ma  at  nominal  voltage. 

Operating  Temperature:  Operation  is  as  specified  with  steady-state  temperature 
in  the  range  of  -20  C  to  +85  C. 

Vibration:  Sinusoidal  vibration  along  each  of  the  three  major  axes  of  the  referenc 
oscillator  at  0.  06  inch  double  amplitude  or  a  peak  acceleration  of  35g,  whichever 
is  less,  up  to  a  frequency  of  2000  cycles  per  second,  results  in  an  offset  change 
in  output  frequency  of  less  than  0.  005%  and  incidental  FM,  measured  with  a  ±7.  5*5 
discriminator  at  a  deviation  ratio  of  1,  of  less  than  0.  1%  rms  of  bandwidth. 

Shock:  Shock  of  up  to  200g,  11  millisecond  duration,  causes  an  offset  change 
in  output  frequency  of  less  than  0.  005%  and  peak  incidental  FM,  measured  with 
a  ±7.  5%  discriminator  at  a  deviation  ratio  of  1,  of  less  than  0.  1%  of  bandwidth. 

Continuous  Acceleration:  Continuous  acceleration  of  up  to  300g  produces  a  change 
in  output  frequency  of  less  than  0.  005%. 
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Altitude:  A  change*  in  altitude  from  sea  level  to  200,000  feet  produces  a  change  in 
output  frequency  of  less  than  0.  005%  provided  the  surface  on  which  the  unit  is 
mounted  is  maintained  at  constant  temperature. 

Humidity:  Operation  is  as  specified  over  the  humidity  range  of  0%  to  95%  relative. 


2.  5  TRANSMITTER 


2.  5,  1  General 

A  Leach  FM  200  Transmitter  and  an  EMR  12 ID  Transmitter  were  selected  for 
evaluation  as  representative  telemetry  transmitters.  The  Leach  FM  200  is  a 
transistorized  unit,  while  the  EMR  121D  is  a  vacuum  tube  design.  Total  harmonic- 
distortion  and  deviation  sensitivity  were  measured  on  each  transmitter  for 
deviations  up  to  ±200  kc  and  modulation  frequencies  as  high  as  225  kc. 

The  EMR  Model  270  Subcarrier  Discriminator  was  calibrated  for  deviation 
sensitivity  (±20.  0±0.  2%);  linearity,  ±0.  1%  5SL;  and  total  harmonic  distortion 
data  on  the  particular  audio  oscillator  used  was  measured;  the  data  is  included 
as  Table  II-2.  5-2. 


2.  5.  2  Total  Harmonic  Distortion 


EquipmenX  outlined  in  Figure  II-2.  5-3  was  used  to  measure  transmitter  total 
harmonic  distortion.  Each  transmitter  was  evaluated  by  using  frequency  trans¬ 
lation  and  the  EMR  27  0  Subcarrier  Discriminator  as  a  precision  receiver.  De¬ 
railed  procedure  for  the  total  harmonic  distortion  tests  is  as  follows; 


1.  V/ith  equipment  set  up  as  in  Figure  II-2.  5-3,  set  the  audio  oscillator  to 
the  desired  fundamental  frequency.  Fundamental  frequencies  of  3.  0  kc, 
30  kc,  7C  kc,  and  225  kc  were  used. 

2.  Adjust  the  audio  oscillator  amplitude  to  yield  the  desired  transmitter 
deviation  as  indicated  by  the  discriminator  output  voltage  measured 
on  theHP310A  Wave  Analyzer.  Record  the  transmitter  input  voltage 
level  required. 

3.  Tune  the  wave  analyzer  to  harmonics  of  the  fundamental  and  record 
their  levels. 


4.  Compute  the  total  harmonic  distortion  as  follows: 


%THD 


-34- 


where. 


#  j  =  rms  value  of  fundamental  voltage 

•  ^  -  rms  level  of  nth  harmonic  voltage 

Harmonic  distortion  data  obtained  for  the  EMR  121D  and  the  Leach  FM  200  are 
given  in  Tables  II-2.  through  II-2.  5-8  and  Tables  II-2.  5-9  through  II-2.  5-13, 
respectively.  This  data  is  presented  graphically  in  Figures  1-2.  5-1  and  1-2.  5-2 
of  Volume  I. 


2.  5.  3  Deviation  Sensitivity 

By  measuring  t^e  transmitter  input  signal  level  as  part  of  the  total  harmonic 
distortion  test,  data  on  deviation  sensitivity  is  obtained  without  a  separate  test. 
Data  measured  on  transmitter  iiij^/Ut  level  as  a  function  of  deviation  and  modulation 
frequency  is  presented  in  the  same  Tables  II-2.  5-8  through  11-2,5-13.  Graphical 
presentation  of  the  data  is  included  in  Volume  I,  Figures  1-2.  5-3  through  1-2.  5-6. 
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FIGURE  U-2.  5-1 

OSCILLATOR/DISCRIMINATOR  TOTAL  HARMONIC  DISTORTION 
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TABLE  U-2.  5-6 

TRANSMITTER  TEST  RECORD,  EMR  121D,  70  KC  FUNDAMENTAL 
_  EMR.  MODEL  *  S/N  9  <3  ORIGINATOR _  DATE 
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TABLE  U-2.  5-10 

TRANSMITTER  TEST  RECORD,  LEACH  FM  200,  30  KC  FUNDAMENTAL 
MT  V  _  MODEL  /T/y;  260  S/N  3  ? _  ORIGINATOP  $  P.'  DATE 
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2.6  RECEIVER 


2.6.1  General 

A  Vitro/Nems -Clark  1455A  Telemetry  Receiver  and  a  Defense  Electronics,  Inc. 
TMR-2A  Telemetry  Receiver,  both  tiinable  from  215  Me  to  260  Me,  were  evaluated 
as  part  of  the  equipment  evaluation  program.  Intermediate  frequency  (IF)  ampli¬ 
fier  amplitude  and  time-delay  characteristics,  and  output  noise  density  were 
evaluated  on  each  receiver.  Total  harmonic  distortion  was  measured  for  the  Nems 
Clarke  145 5A  in  combination  with  the  EMR  12  ID  Transmitter. 

2.6.2  IF  Amplifier  Characteristics 
2.  6.  2.  1  Amplitude  Response 

The  Nems -Clarke  receiver  was  equipped  with  5-Mc  IF  amplifier,  IFM- 500-1; 
the  defense  Electronics  receiver  was  equipped  with  a  10  Me -IF  amplifier,  IFA- 
D2.  The  amplitude  response  of  the  Nems -Clarke  IF  amplifier  was  tested  using 
equipment  as  shown  in  Figure  II-2.  6-1  and  the  following  procedure: 

1.  With  the  oscillator  at  5.  00  Me  select  an  input  signal  level  such  that 
the  amplifier  is  not  saturating,  i.  e. ,  such  that  a  change  in  input 
amplitude  provides  the  same  relative  output  change. 

2.  Tune  the  oscillator  across  the  bandwidth  of  the  amplifier.  Record  the 
input  signal  level  required  at  a  given  frequency  to  maintain  a  constant 
output  level  equal  to  that  at  5.  0  Me,  bandeenter.  Record  the  output 
level  used. 

3.  The  increase  in  signal  level  required  relative  to  band  center  is  the 
IF  amplitude  response  as  a  function  cf  frequency. 

Results  for  the  Nems -Clarke  1455A  Receiver  are  given  in  Figure  11-2.  6-11  and 
are  presented  graphically  in  Volxime  I,  Figure  1-2.  6-1. 

Measurements  of  Defense  Electronics,  Inc.  TMR-2A  Receiver  IF  amplitude 
response  characteristic  were  complicated  by  the  lack  of  a  precision  voltmeter 
operable  at  and  above  10  Me.  The  technique  employed  uses  the  equipment  as 
shown  in  Figure  II-2.  6-3  and  the  following  procedure: 

1.  With  the  equipment  connected  as  shown,  disable  the  receiver  automatic 
gain  control  (AGC)  feature  by  grovmding  J-105,  pin  A. 

2,  Tune  the  oscillator  to  center  frequency,  10  Me,  insert  65  db  attenuation 
and  establish  a  reference  voltage  level  on  the  oscilloscope. 
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3.  Tune  the  oscillator  across  the  passband  of  the  amplifier  in  convenient 
steps  recording  the  frequen  :y  and  attenuation  settings  required  to 
maintain  the  reference  level  on  the  oscilloscope.  (The  response  of  the 
particular  oscillator  used  varies  smoothly  from  -tl.O  db  at  9.  50  Me  to 
—  1. 0  db  at  10.5  Me,  relative  to  0.  0  db  at  10.  0  Me, ) 

Amplitude  response  data  on  the  TMR-2A  Receiver  is  presented  in  Figure  II-2.  6>4 
and  appears  graphically  in  Figure  1-2.  6-2  of  Volume  I. 

2.  6.  2.  2  Intelligence-Delay  Variation 

Each  receiver' s  IF  amplifier  was  measured  for  intelligence  time-delay  variation 
across  its  passband  relative  to  that  at  band  center.  The  equipment  used  is  out¬ 
lined  in  Figure  II-2.6-5.  In  general  terms,  the  procedure  involves  using  a  10-kc 
tone  to  generate  narrow-deviation  frequency  modulation  which,  using  the  receiver*  s 
internal  local  oscillators,  is  positioned  in  frequency  across  the  IF  passband.  The 
FM  signal  at  the  IF  output  is  then  translated  and  detected  by  a  precision  discrimin¬ 
ator.  Phase  shift  of  the  10-kc  intelligence  tone  as  the  FM  signal  is  positioned  at 
different  frequencies  across  the  IF  passband  can  be  easily  converted  to  time  aelay 
variation  relative  to  band  center.  The  procedure  in  detail  is  as  follows: 

1.  With  the  transmitter  input  grounded,  adjust  the  receiver  local  oscillators 
to  produce  an  IF  amplifier  bandeenter  signal. 

2.  Adjust  the  HP  650  oscillator  to  produce  a  much  larger  signal  than 
that  of  the  IF  output  at  a  frequency  such  that  a  1.  00  Me  band  center 
signal  is  supplied  to  the  EMR  270  Subcarrier  Discriminator. 

3.  Apply  10  kc  to  the  transmitter  at  a  level  such  that  the  1.00  Me 
±5%  EMR  270  Discriminator  produces  57  3  mv  peak  or  1.  15  volts 
peak-to-peak  output. 

4.  Adjust  the  amplitude  and  phase  through  the  phase  shifter  so  that  a 

null  is  obtained  at  the  input  to  the  oscilloscope  between  the  discrimina¬ 
tor  output  and  the  phase  shifter  output  with  the  IF  signal  at  center  fre¬ 
quency. 

5.  Ground  the  phase  shifter  output  and  verify  that  the  full-scale  voltage 
being  nulled  is  57  3  mv  peak-to-peak  at  the  HP  130B  oscilloscope  input. 

6.  Measure  the  approximate  time  delay  between  the  transmitter  input 
and  the  discriminator  output  with  the  Tektronix  545A  Oscilloscope. 

7.  Reestablish  and  record  the  null  condition  for  the  IF  signal  at  band- 
center. 

8.  Tune  the  receiver  local  oscillator  to  shift  the  IF  signal  to  a  new  fre¬ 
quency  position  in  the  passband. 
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9.  Tune  the  HP  650A  to  return  the  diecriminator  input  to  1.  00  Me, 
band  center. 

10.  Do  not  adjust  the  phase  or  amplitude  settings  in  the  lower  or  upper 
paths. 

11.  Read  the  peak-to-peak  voltage  from  the  HP  130B.  Each  10-mv  peak- 
to-peak  increase  in  the  null  voltage  as  the  IF  signal  is  positioned  at 
various  places  in  frequency  across  the  IF  passband  corresponds  to  a  1 
phase  shift  at  10  kc,  or  0.  278  Msec  of  time  delay  variation  relative  to 
the  IF  bandc enter  condition. 

The  results  obtained  for  the  time-delay  variation  for  each  of  the  two  receivers 
tested  are  combined  with  the  amplitude  response  test  results  as  given  in  Volume 
I,  Figure  1-2.  6-1  for  the  Nerns-Clarke  1455A  and  Figure  1-2.  6-2  for  tne  Defense 
Electronics,  Inc.  TMR-2A. 


2.  6.  3  Output  Noise  Density 

Receiver  output  noise  density  was  measured  on  the  Nems -Clarke  1455A  and 
Defense  Electronics  TMR-2A  for  various  carrier -to-noise  ratios.  The  equip¬ 
ment  employed  is  shown  in  Figure  II-2.  6-8.  Procedures  used  in  making  the 
measurements  were  slightly  different  with  each  receiver  due  to  variations  be¬ 
tween  units.  A  general  procedure  wich  individual  variations  noted  is  as  fol¬ 
lows: 

1.  Establish  a  fixed  AGC  level  in  the  receiver;  —4.0  volts  dc  was  used  for  the 
1455A,  1.  5  volts  for  the  TMR-2A. 

2.  Measure  noise.  For  1455A  5-Mc  IF  amplifier,  use  J.  Fluke  910A  True 
RMS  Voltmeter  to  measure  total  IF  noise.  For  TMR-2A  10-Mc  IF  ampli¬ 
fier,  use  Sierra  168A  High  Frequency  Wave  Analyzer  to  measure  the  noise 
level  in  a  4.  5  kc  bandwidth  (determined  by  separate  test  of  158A)  and  con¬ 
vert  to  total  IF  noise  by  the  square  root  of  the  ratio  of  the  IF  bandwidth 

to  4.  5  kc,  the  analyzer  bandwidth. 

3.  Measure  the  IF  amplifier  output  signal  level  with  the  Sierra  153A  using 
an  unmodulated  carrier.  Set  the  carrier  level  for  the  desired  signal - 
to-noise  ratio.  The  Sierra  158A  has  been  calibrated  to  read  the  same 
as  the  J.  Fboke  910A  with  a  0.  6  volt,  5-Mc  signal  applied  to  both. 

4.  Measure  the  receiver  output  noise  with  the  HP  310A  frequency-selective 
voltmeter  and  divide  the  resulting  voltage  readings  by  the  square  root 
of  the  bandwidth  used  to  normalize  the  data.  ,  Express  this  quotient  in 
decibels. 

Results  obtained  are  presented  in  Figure  II-Z.  6-9  for  the  1455A  and  Figure 


-51- 


11-2.6-10  for  the  TMR-2A.  Volume  1«  Figures  1-2.  6-3  and  I-2.6-4  present 
the  measured  results  in  graphical  form. 


2.  6.  4  Total  Harmonic  Distortion 

Total  harmonic  distortion  characteristics  of  the  two  FM  detectors  of  the  Nems- 
Clarke  14S5A  receiver  were  measured  in  combination  with  the  EMR  121D  Trans¬ 
mitter  which  had  been  evaluated  independently  as  previously  described.  The 
procedure  of  summation  of  individual  harmonic  components,  as  measured  on  a 
frequency-selective  voltmeter,  was  used.  The  equipment  employed  is  given 
in  Figure  11-2.6-11,  the  block  diagram  of  the  test. 

The  procedure  used  is  as  follows: 

1.  Adjust  the  oscillator  to  the  desired  modulating  frequency.  Modulation 
frequencies  of  3  kc,  30  kc,  70  kc,  100  kc,  and  225  kc  were  used. 

2.  Set  the  transmitter  input  level  for  the  desired  deviation  in  accordance 
with  the  previously  measured  transmitter  sensitivity.  Deviations  from 
±25  kc  to  ±200  kc  in  ±25  kc  intervals  were  used. 

3.  Adjust  the  receiver  gain  to  produce  1.  0  volt  rms  fundamental  output 
as  measured  on  the  HP  310A  frequency-selective  voltmeter. 

4.  Measure  the  harmonica  individually  and  compute  the  total  harmonic 
distortion. 

Harmonic  distortion  data  obtained  from  the  Nems -Clarke  1455A  in  combination 
with  the  EMR  121D  is  given  in  Figure  11-2.6-12  through  11-2.6-21. 


2.  6.  5  Intermodulation 

Difference -frequency  intermodulation  products  were  measured  using  the  block 
diagram  of  Figure  11-2.6-22.  Data  obtained  is  contained  in  Tables  II-2.  6-23 
and  11-2.  6-24.  The  receiver  output  was  maintained  at  1.  0  volt  rms. 
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FIGURE  n-2.  6-3 

AMPLITUDE  RESPONSE  TEST,  DEFENSE  ELECTRONICS,  TMR-2A 
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figure  II-2.  6-5 

F  amplifier  intelligence  delay  test 
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TABLE  II-2.  6-7 
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FIGURE  11-2.  6-8 

RECEIVER  OUTPUT  NOISE  DENSITY  TEST 
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OUTPUT  NOISE  DENSITY,  DEFENSE  ELECTRONICS  TMR-2A 
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FIGURE  U-Z.  6-11 

TRANSMITTER/RECEIVER  TOTAL  HARMONIC  DISTORTION  TEST 
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TABLE  II-2.  6-15 

TOTAL  HARMONIC  DISTORTION  DATA,  NEMS-CLARKE  1455A 
FOSTER-SEELEY  DETECTOR,  100  KC  FUNDAMENTAL  FREQUENCY 
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TABLE  II-2.  6-21 

TOTAL  HA LMONIC  DISTORTION  DATA,  NEMS-CLARKE  HSBA, 
•HASE  LOCK  DETECTOR,  225  KC  FUNDAMENTAL  FREQUENCY 


.  93V  ^ins  I  1.  OV  rms  !  51.0  mv  I  22.  5  mv  I  5.  8  mv  I  1.  30  mv  I  5.  606% 


TABLE  II-2.  6-23 

DIFFERENCE  FREQUENCY  INTERMODULATION  DATA, 
LEACH  FM  200  AND  NEMS-CLARKE  1455A 
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TABLE  n-2.  6-24 

DIFFERENCE  FREQUENCY  INTERMODULATION  DATA, 
LEACH  FM  200  AND  NEMS  -CLARKE  I455A 
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2.  7  GROUP  DETRANSLATOR 


2.  7.  1  General 

The  EMR  Model  259  Group  Frequency  Detranslator  accepts  a  multiplex  of  FM 
subcarriers  in  the  range  between  5  kc  and  1100  kc,  and  using  a  reference  signal 
appearing  at  the  input  along  with  the  data  subcarriers,  detranslates  the  multi¬ 
plex  into  groups  of  multiplexed  subcarriers  suitable  for  direct  application  to 
subcarrier  discriminators. 

The  Model  259  uses  the  reference  signal  in  the  input  multiplex  to  synthesize  the 
frequencies  required  to  detranslate  the  respective  subcarrier  groups.  Each 
group  which  is  to  be  detranslated  is  selected  from  the  input  multiplex  by  a  group 
band-pass  filter.  The  separated  group  of  subcarriers  and  its  corresponding  re¬ 
ference  frequency  are  applied  to  a  balanced  modulator  which  drives  an  output 
amplifier  which  is,  in  turn,  suitable  for  driving  a  bank  of  discriminators.  The 
output  signal  represents  the  selected  group  of  subcarriers  translated  down  in 
frequency  to  the  spectrum  cccupied  by  the  lowest  frequency  group. 

The  Model  259  contains  a  delay  line  to  eqxialize  the  envelope  delay  of  the  input 
multiplex  and  the  envelope  delay  of  the  reference  frequency  so  that  tape -speed 
errors  will  be  essentially  the  same  in  the  translated  channels  as  in  the  untrans¬ 
lated  ones.  Vernier  adjustment  of  this  equalization  is  provided  for  each  detrans¬ 
lated  group.  The  outputs  of  all  groups  are  time  correlated  so  that  tape-speed 
compensation  may  be  used  without  external  delay  lines.  Since  the  deviation 
bandwidths  of  all  data  discriminators  are  equal,  the  data  outputs  are  also  time 
correlated. 

Normally,  one  bank  of  discriminators  is  used  for  each  group.  For  applications 
where  only  one  baxik  of  discriminators  is  used  on  a  time-sharing  basis,  as  was 
the  case  in  the  baseband  evalviation,  a  switch  on  the  front  panel  of  the  Model  259 
makes  possible  the  connection  of  the  discriminator  bank  to  any  group  output.  A 
calibrate -operate  switch  is  also  provided.  With  this  switch  in  the  calibration 
position,  all  discriminator  banks  are  connected  to  the  output  of  the  lowest-fre- 
quency  group  selector,  thus  enabling  calibration  of  all  discriminators  with  the 
calibration  signals  available  from  an  EMR  Model  260  Modular  Three -Point 
Calibrator. 

Section  1.  5  of  Volume  I  contains  the  constant -bandwidth  system  used  in  the  base¬ 
band  evaluation. 


2.7.2  Specifications 

A  detailed  evaluation  of  the  EMR  289  Modular  Group  Frequency  Detranslator  used 
in  the  constant  "bandwidth  system  was  not  ’ondertaken  as  part  of  the  study  contract. 
Operation  within  specification  was,  however,  certified  by  other  EMR  personnel. 

A  summary  of  specifications  is  included  below. 


-77 


Subcarrier  Frequencies:  A  multiplex  of  FM  subcarrier  frequencies  in  the 
range  from  5  kc  to  1100  kc  is  converted  into  groups  of  subcarriers  suitable 
for  direct  application  to  subcarrier  discriminators. 

Data  Time  Correlation:  Data  channel  time  errors  contributed  by  the  Model  259 
Group  Frequency  Detranslator  are  less  than  ±1°  from  the  BSL  delay  for  standard 
EMR  systems  at  a  deviation  ratio  of  2  or  greater. 

Multiplex  Input  Voltage:  10  volts  peak-to-peak  maximum.  Normal  level  of 
each  individual  subcarrier  is  100  mv  rma. 

Multiplex  Input  Impedance:  10,  000  ohms 

Reference  Input:  10  millivolts  to  1  volt  rms  from  a  compatible  EMR  reference 
discriminator  with  constant-bandwidth  reference  channel  selector  (for  example. 
Model  21 OA  with  210T-03,  Model  267R-03,  or  Model  270A  with  270T-03).  The 
normal  reference  input  to  the  Model  259  is  100  millivolts  rms.  The  level  of  the 
reference  in  the  multiplex  should  be  6  db  above  the  level  of  the  subcarrier  with 
with  highest  amplitude. 

Group  Outputs:  (Specification  applies  to  each  output.  ) 

Voltage:  10  volts  peak«to-peak  maximiim  (open  circuit) 

Current:  30  ma  maximum 

Impedance:  91  ohms 

Stability:  If  the  output  current  does  not  exceed  30  ma., 

no  instability  will  result  from  any  capacitive 
load.  An  output  overload  or  short  circuit 
will  not  damage  the  uxiit. 

Gain:  Adjusted  at  the  factory  to  6  db  ±  1  db  to  each  subcarrier. 

Intermodulation  Distortion:  Each  inter  modulation  distortion  product,  at  normal 
input  level,  is  less  than  0.  5%  of  the  amplittide  of  any  subcarrier. 

Subcarrier  Feedthrough:  For  flat  subcarrier  emphasis,  lower-grotq>  subcarriers 
in  the  detranslated  group  outputs  are  suppressed  at  least  46  db. 

Image  Rejection:  For  flat  subcarrier  emphasis,  images  of  undesired  groups 
which  appear  in  the  desired  group  are  suppressed  at  least  46  db. 


2.  8  SUBCAARIER  DISCRIMINATOR 


No  separate  equipment  evaluation  was  performed  on  the  EMR  210  Subcarrier 
Oise  simulators.  Before  use  in  the  baseband  evaluation,  each  unit  was  returned 
to  the  EMR  manufacturing  test  department  and  retested  to  certify  operation 
within  specification.  A  summary  of  performance  characteristics  pertinent  to 
the  baseband  evaluation  is  presented  in  Volume  I,  Section  2.8. 


2.  9  TAPE  RECORDER 


2.  9.  1  Amplitude  Response 

Amplitude  response  data  on  the  Mincom  G-'IO?  and  Ampex  FR  1400  Tape 
Recorders  were  obtained  using  the  following  procedure: 

a.  Clean  and  degauss  the  heads  using  the  Magneraser  hand 
degausser  on  the  G-107  heads  and  the  Ampex  Model  111 
bulk  degausser  on  the  removable  Ampex  heads. 

b.  Degauss  the  tape  with  the  bulk  degausser. 

c.  Apply  1. 0  volt  rms  to  the  input  and  adjust  the  input  level 
control  until  the  monitor  meter  indicates  0.  0  db.  This 
provides  normal  record  level  to  the  recorder  heads.  The 
Ampex  FP  1400  input  level  attenuator  has  been  preset 
and  locked  (by  the  manufacturer's  representative)  so  that 
a  1.  0  volt  rms  input  provides  normal  record  level. 

d.  With  the  recorder  operating,  adjust  the  output  attenuator 
for  0.  0  db  on  the  1. 0  volt  rms  range  of  the  voltmeter 
(use  high  damping  }  with  a  1.  0  volt  rms,  1000  cps,  input 
applied. 

e.  Sweep  the  oscillator  as  required  to  obtain  the  frequency 
response  characteristic,  taking  care  to  assure  a  1.  0  volt 
rms  input  signal  at  each  measured  frequency. 

f.  Repeat  for  each  track  of  the  recorder. 

The  measured  data  is  contained  in  Tables  11-2.  9-1  and  II-2.  9-2  and  is  presented 
graphically  in  Figures  1-2.  9-1  and  1-2.  9-2  of  Volume  I.  Because  of  recall  of 
the  tape  recorders  by  the  manufacturers,  a  second  Ampex  FR  1400  tape  record¬ 
er  was  borrowed  in-house  for  use  with  the  constant-bandwidth  evaluation.  This 
machine  contained  500-kc  electronics,  modified  by  Ampex  to  extend  to  600  kc, 
and  was  capable  of  operation  only  at  120  ips.  Only  its  frequency  response  was 
measured  (Table  II-2.9-14). 
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Z.  9.  2  Phase  Response 

Tape  recorder  phase  response  was  measured  using  equipment  as  shown  in  the 
block  diagram,  Figure  11-2.  9-3.  The  procedure  used  is  as  follows: 

a.  Degauss  tai>e,  heads,  and  transport  mechanisms. 

b.  Set  the  oscillator  frequency  so  that  the  last  flip-flop  in 
the  string  generates  a  square  wave  in  the  neighborhood 
of  recorder  low -frequency  cutoff. 

c.  Use  the  lower  frequency  square  wave  as  fj  and  the  next 
higher  as  f^  (f2  '^iU  second  harmonic  of  fj). 

d.  Set  Khron-Hite  low-frequency  cutoff  to  20  cps,  and  high- 
frequency  cutoff  to  the  fundamental  frequency  of  its  input 
square  wave. 

e.  Observe  summation  of  two  sinusoids  at  "A"  on  one  trace 
of  a  dual-trace  oscilloscope. 

f.  Place  delay  line  in  f|  path  and,  with  recorder  operating 
in  record/reproduce  mode,  ooscrve  recorder  output  on 
second  trace  of  oscilloscope. 

g.  Operate  the  oscilloscope  on  alternate  trace  mode  and 
trigger  the  oscilloscope  internally  so  that  the  trace 
starts  at  the  same  input  voltage  level  on  each  sweep. 

h.  Adjust  the  delay  through  the  delay  line  so  that  the  wave¬ 
forms  at  A  and  B  are  identical.  Display  both  traces 
superimposed  on  oscilloscope,  to  assure  best  possible 
alignment  of  waveshape,  and  photograph. 

i.  Move  flip-flop  outputs  up  one  flip-flop  each  and  repeat, 
producing  harmonic  combinations  across  as  much  of 
recorder  bandwidth  as  practical. 

The  high-frequency  cutoff  of  the  Khron-Hite  filters  is  200  kc.  Also,  the  mini¬ 
mum  step  adjustment  of  the  delay  lice  is  1  usee.  Therefore,  no  data  was  taken 
at  frequencies  higher  than  200  kc.  Measured  data  is  presented  in  Table  11-2.  9-4. 
A  typical  photograph  is  shown  in  Figure  II-2.  9-5.  Volume  I,  Figure  1-2.  9-3 
presents  the  data  graphically. 


2.  9.  3  Noise  Density 

Output  noise  density  as  a  function  of  frequency  position  in  the  band  was  measured 
on  each  of  the  two  tape  recorders  as  shown  at  the  bottom  of  Table  II-2.  9-6.  The 
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following  procedure  was  used: 

a.  Degauss  heads,  tape,  and  transport  mechanism. 

b.  Apply  a  1. 0  volt  rms  1000  cps  sine  wave  to  the  recorder 
input.  For  the  G-107,  adjust  the  input  for  0.  0  db  on  the 
input  meter  yielding  normal  record  level.  The  FR  1400 
is  preadjusted  and  locked  so  that  1.  0  volt  rms  input  is 
normal  record  level. 

c.  Operate  the  recorder  in  record/reproduce  mode  at  60  ips. 

d.  With  the  Hewlett-Packard  310A  set  for  200  cps  bandwidth, 
measure  the  recorder  output  noise  as  a  function  of  fre¬ 
quency,  being  careful  to  avoid  1000  cps  and  its  harmonics. 

e.  As  a  check,  disconnect  the  analyzer  input  and  measure  its 
residual  noise  level  in  200  cps  bandwidth  position. 

The  data  is  contained  in  Tables  II-2.  9-6  and  11-2.  9-7  and  presented  graphically 
in  Figure  1-2.  9-4. 


2.  9.  4  Intermodulation 

Intermodulation  tests  were  made  using  the  technique  outlined  in  the  block  dia¬ 
gram  of  Figure  11-2.  9-8.  Both  sum  and  difference  intermodvilation  products 
were  measured;  the  measure  data  is  tabulated  in  Table  II-2.  9-9  and  presented 
graphically  in  Figure  1-2.  -5  of  Volume  I. 

2.  9.  5  Total  Harmonic  Distortion 

Using  equipment  as  described  in  Table  II-2.  9-10,  total  harmonic  distortion  was 
measured  on  the  two  tape  recorders  using  the  following  procedure: 

a.  Degauss  tape,  heads,  and  transport  mechanism. 

b.  Apply  an  input  signal  of  .1.0  volt  rms  and  1000  cps  and 
adjust  input  and  output  attenuators  as  necessary  to 
operate  recorder  at  normal  record  level. 

c.  Operate  the  tape  recorder  at  60  ips  in  record/reproduce 
mode. 

d.  Maintaining  1. 0  volt  rms  input  and  output  level,  adjust  the 
oscillator  frequency  across  the  band  of  the  recorder. 
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e.  At  each  input  frequency,  measure  the  harmonic  content 
of  the  recorder  output  with  the  frequency-selective 
voltmeter  operating  with  a  200  cps  bandwidth. 

f.  Combine  the  rms  voltage  measure  of  each  harmonic  in 
rms  fashion  to  obtain  the  total  harmonic  distortion. 

The  measured  data  is  given  in  Tables  11-2.  9-10  and  11-2.  9-11  and  presented 
graphically  in  Figure  1-2.  9-6  of  Volume  1. 


2.  9.  6  Crosstalk 

Using  equipment  as  described  at  the  bottom  of  Table  11-2.9-12,  crosstalk 
between  channels  was  measured  on  the  two  tape  recorders  using  the  following 
procedure: 


a.  Repeat  instructions  a.  through  d.  of  section  2.9.5,  above, 
establishing  normal  record  conditions. 

b.  At  each  input  frequency,  measure  the  output  of  tiie  channel 
containing  the  input  frequency  and  the  two  higher-numbered 
and  two  lower-numbered  channels.  (This  measures  the 
channels  on  adjacent  tape  tracks  and  those  on  adjacent 
head  positions.  ) 

The  measured  data  is  given  in  Tables  11-2.  9-12  and  11-2.  9-13. 
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TABLE  U-2.  9-1 
FREQUENCY  RESPONSE  TEST 

AMPEX  FR  1400  TRACK  NO.  2,  ELECTRONICS  NO.  1  AND  NO.  2 
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TABLE  II-2.  9-2 

FREQUENCY  RESPONSE  TEST,  MINCOMG-107 
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FIGURE  II- 2.  9-3 

TAPE  RECORDER  TIME-DP.LAY  AND  PHASE- RESPONSE  TEST 


table  II-2.  9-4 
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FIGURE  U-2.  9-5 

TYPICAL  OUTPUT  PHOTOGRAPH  TAPE  RECORDER 
TIME- DELAY  AND  PHASE- RESPONSE  TEST 


TABLE  II- 2.  9-6 


TEsr-  AWCOM  6107 


4^ 

J.4kc 

^•OJtc 

/0,0U 

20.0U. 

JZS^U 

4o»ck*. 

/OO.Oki, 


Sbc.ok< 

fkk^oic 

fO^,Okt 

/i^00,Okc 


iMtml 

/" 

4(»oo 

aooo 

sao 

sso 

aoo 

ibo 

S3S 

/to 

ISO 

350 

aso 

Jt0O 

ISO 

/OO 

8o 


JdnttUmJ 


S€t.e 


1*1 

ass- 

17.6 
14.2 
IL3 

8.6 
r-t 
1*6 
Z47 
17.6 
/42 

/AS 

7.1 

S.7 


J6,J&Adw 

*»  1.0  K 

’■71.9 

-77.0 

-8f.o 

-9S.0 

-97.0 

-989 

~IOll 

-102.2 

-99iS 

-92.1 

-9SjO 

-91.0 

-9SL5 

-103.0 

-/0*9 


-88- 


TABLE  II-2.  9-7 
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FIGURE  II-2.  9-8 

INTERMODULATION  TEST  BLOCK  DIAGRAM 


TABLE  II-2.  9-9 
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SECTION  3 


SYSTEM  EVALUATION  DATA 


The  detailed  procedure  for  the  system  test  performed  on  each  of  the  baseban 
as  well  as  the  measured  data  are  contained  in  the  following  sections.  For  rt 
erence,  the  block  diagrams  for  each  experimental  telemeter  are  shown  in  Fi 
ures  II-3. 0-1,  11-3.  0-2,  andII-3.0-3. 
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FIGURE  n-3.  0-2 

BLOCK  DIAGRAM  OF  AIRBORNE  LABORATORY  TELEMETER 
USED  FOR  EVALUATION  OF  CONSTANT  AND  COMBINATIONAL 

BANDWIDTH  BASEBANDS 
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EVALUATION  OF  CONSTANT  AND  COMBINATIONAL  BANDWIDTH  BASEBANDS 


3.  1  PRE-EMPHASIS  SCHEDULE  PROCEDURE  AND  RAW  DATA 


3.  1 .  1  General 

A  pre -emphasis  schedule  for  a  particular  system  is  considered  optimized  when 
identical  signal-to-noise  ratios  occur  in  each  subcarrier  discriminator  outpuf^. 
Since  the  receiver  output  noise  characteristics  are  dependent  upon  the  receiver 
input  carrier-to-noise  ratio,  a  pre-emphasis  schedule  can  only  be  optimized  at 
one  particular  receiver  carrier-to-noise  ratio.  Thus,  a  choice  must  be  made 
as  to  carrier-to-noise  ratio  to  be  used.  For  the  particular  system  being  eval¬ 
uated  a  carrier-to-noise  ratio  of  9  db,  approximately  the  condition  necessary 
to  cause  the  receiver  to  threshold,  was  chosen  for  optimizing  the  pre-emphasis 
schedule. 

Normally  the  subcarrier  discriminator  output  signal-to-noise  ratio  is  measured; 
however,  the  subcarrier-to-noi se  ratio  in  the  band-pass  input  filter  is  directly 
related  to  the  output  signal-to-noise  ratio.  Therefore,  for  convenience,  the  pre¬ 
emphasis  is  optimized  to  produce  identical  subcarrier-to-noise  ratios  at  the  out¬ 
put  of  the  band-pass  input  filter. 

In  essence,  the  procedure  is  to  set  a  receiver  IF  carrier-to-noise  ratio  of  9  db 
and  adjust  the  individual  VCO  amplitude  levels  for  equal  subcarrier-to-noise  ra¬ 
tios  in  the  discriminator  while  maintaining  a  multiplex  level  which  does  not  cause 
the  transmitter  output  to  exceed  the  radiated  spectrum  specification.  There  are 
several  problems  inherent  to  this  technique. 

The  first  problem  is  that  of  providing  a  receiver  IF  carrier-to-noise  ratio  of 
9  db.  With  the  receiver  used  in  the  system  evaluation,  the  IF  carrier-to-noise 
ratio  is  measured  at  the  predetection  recording  output,  which  is  the  IF  output 
just  prior  to  the  first-limiter  input.  If  the  IF  amplifier  is  a  linear  system,  its 
input  and  output  carrier-to-noise  ratios  are  identical;  however,  care  must  be 
taken  to  prevent  IF  saturation.  Through  experiment  it  was  found  that  the  maxi¬ 
mum  unmodulated  IF  output  level  which  does  not  cause  saturation  is  110  mv  rms. 
In  addition,  the  IF  saturation  characteristic  was  found  to  vary  somewhat  with  the 
AGC  voltage.  The  greatest  linear  range  occurred  when  the  AGC  voltage  was  ex¬ 
ternally  held  constant  at  a  —4  volt  level.  Thus,  with  the  AGC  held  at  —4  volts, 
the  unmodulated  IF  signal  level  is  measured  with  a  frequency  selective  voltmeter; 
this  technique  eliminates  wideband  noise  and  provides  an  accurate  signal  level 
measurement.  The  input  carrier  is  then  turned  off  and  the  IF  noise  measured 
with  a  true  rms  meter. 

The  second  problem  is  that  of  adjusting  the  VCO  levels  to  produce  equal  subcar- 
rier-to-noise  ratios  while  maintaining  a  fixed  multiplex  level  so  that  radiated 
spectrum  specification  is  not  exceeded.  This  is  a  trial-and-error  method  con¬ 
sisting  of  choosing  a  trial  pre-emphasis  schedule,  checking  to  determine  if  the 
radiated  spectrum  is  exceeded,  and  then  readjusting  the  pre-emphasis.  There 
are  several  shcrt-cuts  to  this  procedure  which  are  given  in  the  following  detailed 
procedure. 
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3.  1.2  Detailed  Procedure 

a.  Choose  a  trial  taper  and,  using  the  radiated- spectrum  test  described 
in  the  next  section,  determine  the  maximum  total  rms  transmitter  deviation  al- 
1'  Arable. 


b.  Select  the  deviation  for  the  highest  frequency  channel  from  the  graph 
in  Figure  n- 3.  1-1. 

c.  Starting  v^ith  the  highest  frequency  channel,  set  the  VCO  output  levels 
to  the  selected  taper.  A  minimum  deviation  of  3  kc  should  not  be  exceeded;  there 
fore,  the  lower  channels  may  need  to  be  adjusted  to  equal  amplitudes. 

d.  Adjust  the  gain  of  the  mixer  amplifier  to  provide  a  full  multiplex  rms 
level  to  produce  the  selected  rms  transmitter  deviation. 

e.  With  the  transmitter  unmodulated,  externally  set  the  AGC  voltage  to 
-4v  dc  and  adjust  the  rf  signal  level  for  an  IF  carrier -to -noise  ratio  of  9  db. 

f.  Set  the  video  gain  of  the  receiver  to  produce  2.0  volts  rms  full  multi¬ 
plex  output. 

g.  With  the  VCOs  at  center  frequency  (unmodulated),  measure  the  sub¬ 
carrier  signal-to-noise  ratio  at  the  output  of  the  band-pass  input  filter  by  mea¬ 
suring  the  subcarrier  signal  level  and  then  turning  the  particular  VCO  off  and 
measuring  the  noise.  Repeat  for  each  channel. 

h.  Readjust  the  VCO  levels  to  produce  equal  subcarrier  signal-to-noise 
ratios  while  maintaining  the  multiplex  level  previously  selected. 

i.  Recheck  the  radiated-spectrum  level  and  readjust  the  total  multiplex 
level  if  necessary.  It  has  been  found  that  once  the  taper  has  been  adjusted  for 
equal  subcarrier-to-noise  ratios,  small  variations  in  the  total  multiplex  level 
do  not  alter  the  relative  relationships  of  the  individual  subcarrier-to-noise  ra¬ 
tios. 


3.  1.  3  FM/FM  Proportional  Multiplex  RMS  Carrier  Frequency  Deviation 
Refer  to  the  graph  in  Figure  II-3.  1-1, 

Problem: 

The  problem  is  to  find  relationship  between  RMS  carrier  devia¬ 
tion  (total)  and  deviation  allocated  to  top  subcarrier,  in  terms  of 
common  ratio  between  adjacent  subcarrier  center  frequencies, 
and  in  terms  of  constant  pre -emphasis  slope. 
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Definitions  and  Conditions: 


1.  Y  (>1.0)  is  common  ratio  between  adjacent  subcarrier  center 
frequencies  (Y  W  1.  3  for  IRIG). 

2.  fjjj  is  the  peak  carrier  deviation  allocated  to  the  highest-fre- 
quency  subcarrier. 

3.  fgi^  is  the  center  frequency  of  subcarrier  channel  k,  where 
k  =  1,  2.  .  .  h. 

4.  fdk  is  the  peak  carrier  deviation  allocated  to  channel  k, 

5.  a  is  the  slope  of  the  log-deviation  versus  log-frequency  pre- 
emphasis  function.  It  is  taken  as  a  constant. 

6.  A  large  number  of  subcarriers  is  assumed. 

The  peak  carrier  deviation  allocated  to  subcarrier  k  is 


Mk 


=  Cf 


sk 


(1) 


where  C  is  a  constant.  For  the  highest  subcarrier,  k  =  h,  hence 


C 


(2) 


from  (1)  and  (2): 


a 


Because  of  the  common  ratio  between  adjacent  subcarrier  frequencies: 


^sk  " 


‘sh 


(h-k) 


_J _ 

(h-k) 


y 


(4) 
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from  (3)  and  (4)  then: 
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The  total  rms  carrier  deviation  is 


3.1.4  Results 


3.  1.  4.  1  IRIG  Baseband 

For  the  TRIG  baseband,  channels  1  through  18,  pre-emphasis  was  optimized  us¬ 
ing  a  multiplex  level  at  the  transmitter  input  of  1.  Ov  rms.  The  measured  data 
is  included  in  Table  11-3.  1-2  and  presented  graphically  in  Figure  1-3.  2-1. 

3.  1.4.2  IRIG  Baseband--Wideband  Channel 

The  IRIG  baseband,  channels  1  through  16  and  E,  was  optimized  using  a  multi¬ 
plex  level  at  the  transmitter  input  of  l.Ov  rms.  The  measured  data  is  included 
in  Table  II-3.  1-3  and  presented  grapliically  in  Figure  1-3.  2-3. 

3.  1.4.  3  Trial  Expanded  Proportional-Bandwidth  Baseband 

The  pre -emphasis  schedule  for  the  expanded  baseband,  channels  1  through  20, 
was  optimized  using  a  multiplex  level  at  the  transmitter  input  of  1.  Ov  rms.  The 
measured  data  is  included  in  Table  II-3.  1-4  and  presented  graphically  in  Figure 
1-3.  2-4. 

3.  1.4.4  Expanded  Proportional-Bandwidth  Baseband 

The  pre-emphasis  schedule  for  the  expanded  baseband,  channels  1  through  21, 
was  optimized  using  a  multiplex  level  at  the  transmitter  input  of  750  mv  rms. 
The  measured  data  is  included  in  Table  II-3.  1-5  and  presented  graphically  in 
Figure  1-3.  2-5. 

3.  1.4.  5  Expanded  Proportional-Bandwidth  Baseband--Wideband  Channel 

The  expanded  baseband,  channels  1  through  19  and  H,  pre -emphasis  schedule 
was  optimized  using  a  multiplex  level  at  the  transmitter  input  of  630  mv  rms. 
The  measured  data  is  included  in  Table  II-3.  1-6  and  presented  graphically  in 
F'gure  1-3.  2-6. 
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3.  1.4.  6  Constant-Bandwidth  Baseband 

The  pre -emphasis  schedule  for  the  constant-bandwidth  baseband,  channels  1 
through  21,  was  optimized  using  a  multiplex  level  at  the  transmitter  input  of 
360  mv  rms.  The  measured  data  is  included  in  Table  11-3.  1-7  and  presented 
graphically  in  Figure  1-3.  2-8.  With  channels  17  through  21,  Group  D,  removed 
and  the  same  taper,  the  multiplex  level  at  the  transmitter  was  increased  to  615 
mv  rms.  The  data  measured  for  one  channel  in  each  group  is  included  in  Table 
U-3.  1-8. 


3.  1. 4.  7  Combinational-Bandwidth  Baseband 

The  pre-emphasis  schedule  for  the  combinational-bandwidth  baseband,  IRIG 
channels  1  through  11  and  constant -bandwidth  channels  I  through  21,  was  opti¬ 
mized  using  a  total  multiplex  level  at  the  transmitter  input  of  635  mv  rms;  600 
mv  rms  for  the  constant -bandwidth  channels  and  210  mv  rms  for  the  IRIG  chan¬ 
nels.  The  measured  data  is  included  in  Table  II-3.  1-9  and  is  plotted  in  Figure 
1-3.  2-9. 
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FM/FM  PROPORTIONAL  MULTIPLEX  RMS  CARRIER  FREQUENCY  DEVIATION 


TABLE  II-3.  1-2 

PREEMPIiASIS  DATA  FOR  IRIG  BASEBAND, 
CHANNELS  1  THROUGH  18 

System  Description:  J.  I /  7^>'uiif4  /T 


(S/N),:  9  (Jh  ACC:  Multiplex;  /, 


Channel 

F  requency 
(kc) 

Signal 

(dbm) 

Noise 

(dbm) 

(S/N)^ 

(dbm) 

vco 

Level 

(dbm) 

0.  40±7.  sn. 

HIK9i 

KKSH 

0.  56±7.  b°Ic. 

WBBBM 

BiHM 

Tin— 

ggaai 

0.  73±7. 

^Trr— 

n«9i 

0.  9b^-7.  j*r& 

■asm 

1.  30±7.  aTo 

1.  70±7.  b% 

B99B1 

- 

2.  30*7,  5% 

V;>:  / 

73.  a 

3.  00*7.  5% 

-21.3 

-da. 7 

Shd 

■ai.y 

3.  90*7.  5% 

I-V5.V 

77.9 _ . 

5.  40*7.  5% 

-Ig.i~  1 

7.  3  5*7.  5% 

-/4..7 _ 1 

-39.0 

2Q.3 

10.  5  ±7.  5% 

ERSidl 

-  5^.  U 

2d.3 _ 

HEM 

14.  5  ±7.  5% 

-  /3.0 

i^mi 

liiJ'Ji.MIJI.-ll 

-  S 

-33:^ 

30.  0  *7.  5% 

-  3.^ 

KM 

40.  0  *7.  5% 

-5:9 

.  -  ^  a 

SMB 

52.  5  ±7.  5% 

-  V.4 

-^6.V  1 

_ 

EEKHI 

- 

93.  0  ±7.  5% 

124.  0  *7.  5% 

1 

165.  0  *7.  5% 

70.  0  ±15% 

165.  0  *15% 

Name;  fSC  Date: 
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TABLE  U-3.  1-3 

PREEMFHASIS  DATA  FOR  IRIC  BASEBAND, 
CHANNE.LS  1  THROUGH  16  AND  E 

System  Description:  "X J ^  ^ £ 


(S/N)c:_£^ 


Channel 
F  requency 
(kc) 


ACC:  -VOuJt 


Signal 

(dbm) 


0.  40±7.  STc  -27.? 


0.  56±7.  5% 


0.  73±7.  5% 


0.96*7.5%  -2^.V 


1.30*7.5%  -2 


1.  70*7.  5% 


2. 30*7. 5%  -  ;2y.  / 


3.00*7.5%  -23.^ 


3.  90*7.  5%  \-ZZ.6 


5.  40*7.  5%  -2  0.6 


7.  35*7.  5% 


10.  5  *7.  5% 


Noise 

(dbm) 


-■VO. a 


Multiplex: 


(S/N)^ 

(dbm) 


VCO 

Level 

(dbm) 


-27.0 


•2*/.  7 


■25.^ 


.7 


0.6 


30.  0 

*7.  5% 

40.  0 

*7.  5% 

52.  5 

*7.  5% 

70.  0 

=7.  5% 

93.  0 

*7.  5% 

124.  0 

*7.  5% 

165.  0 

*7.  5% 

70.  0 

*1  5% 

165.  0 

*15% 

-ys. 


-  9.5 


-30.0 


-^Lb  1 2/. 


Date 


TABLE  U-3.  1-4 

FREEMPHASIS  DAI  A  FOR  EXPANDED  PROPORTIONAL 
BANDWIDTH  BASEBAND,  CHANNELS  1  THROUGH  20 


System  Description 
(S/N)  •  gJL 


ACC: 


Multiplex:  /, 


TABLE  II-3.  1-5 

PREEMPKASIS  DATA  FOR  EXPANDED  PROPORTIONAL 
BANDWIDTH  BASEBAND,  CHANNELS  1  THROUGH  21 


System  Description: 
(S/N1^:_  .iAh AGO: 


Multiplex: 


(S/Nl^ 


VCO 

Level 

(dbm) 


TABLE  II-3.  1-6 

PREEMPHASIS  DATA  r  CR  EXPANDED  PROPORTIONAL 
BANDWIDTH  BASEBAND,  CHANNELS  1  THROUGH  19  AND  H 


System  Description:  /  /f  // 

(S/NV:  qji,  ACC:  -y.lQjdc.  Multiplex: 


Channel 

F  requency 
(kc) 

Signal 

(dbm) 

Noise 

(dbm) 

(S/N)^ 

(dbm) 

0.  40±7.  STc 

-  0 _ 

-5o.(;  ! 

0.  56d:7.  5% 

woem 

-j^.o _ 

2  3.0  :-29.:r 

0.  73±7.  5% 

wssm 

0.  96*7.  5% 

ftpjji 

WfOKM 

ER9RH 

1.  30*7.  5% 

K991 

mnm 

1.  70*7,  5% 

Bssn 

ism 

2.  30*7.  5% 

-2^.3 

19.3 

-29.3' 

3.  00*7.  5% 

-2U.0 

-ii.o 

lU.O 

-304 _ 

3.  90*7.  5% 

-Js'3  1 

\-V2  0 _ 

f6.8 

CHGf.'JHlI 

5.  40*7.  5% 

■ROH 

EiSEB 

7.  3  5*7.  5% 

-2^' 2 

_ 1 

-30. D 

10.  5  *7.  5% 

ia.3 

14.  5  *7.  5% 

\-36'0 _ 

wsm 

22.  0  ±7.  5% 

\ZS _ 

30.  0  ±7.  5% 

-22.2 

-30.^ 

40.  0  ±7.  5% 

9mm 

ram 

7.2 

Ran 

52.  5  ±7.  5% 

BHSHT 

-.25.5 

7.3 

Rm 

70.  0  =7.  5% 

-J3.0 

7.3^ _ 

BKn 

93.  0  *7.  5% 

-/O.} 

124.  0  ±7.  5% 

165.  0  *7.  5% 

70.  0  *15% 

165.  0  *15% 

_ 

-^4 

REHII 

eram 

Name:  iJ.  rate: 
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TABLE  II-3.  1-7 

PREEMPIiASIS  DATA  FOR  21 -CHANNEL  CONSTANT  BANDWIDTH  BASEBAND 

Syitcm  Detcription:  H 

(S/N;^:__  ^ AGC:  j/pc  Multiplex:  M i^t'm S 


Channel 
F  requeiicy 
(kc) 


176.  0 


160.  0 


160.  0 


152.  0 


144.  0 


136.  0 


128.  0 


120,  0 


112.  0 


104.  0 


96.  0 


88.  0 


80.  0 


72.  0 


64.  0 


56.0 


48.  0 


40,  0 


32.  0 


24.  0 


16.  0 


7.  35 


Signal 

(dbm) 


- /7.I. 


-/C.^ 


-7C.0 


-/C.  o 


-/C.  c 


/i./ 


/2.3 


Noise 

(dbm) 


2  2. 


-^7  7 


-17. 


27.  i 


-  2/  / 


2 


(S/N)^ 

(4b) 


^2. 


3:^ 


7.  5 


vco 

Level 

(dbm) 


— /^O 


'  27.  7 

33? 

msm 

-  235 

Si. 

-73,  / 


^77,C> 


3.  9 


3.  0 


2.  3 


1.  7 


1.  3 


0.  96 


0,  73 


0.  56 


Date;  S~  ^7.  -iS 


TABLE  II-3.  1-8 

REEMPHASIS  DATA  FOR  16-CHAJ'*NEL  CONSTANT  BANDWIDTH  BASEBAND 


System  Description: 

(S/N)^:  ^ c/ly  ACC:—  Multiplex:  ^/S/rt/'hfn<» :  Rgf:2^0mvrmt 


Channel  VCO 

Frequency  Signal  Noise  ^^^^s  Level 


(kc)  I  (dbm)  (dbm)  (db)  I  (dbm) 


3.  2  RADIATED  SPECTRUM  TEST 


3.  2.  1  General 

The  object  of  the  radiated  spectrum  test  is  to  determine  the  maximum  trans¬ 
mitter  drive  that  will  not  exceed  the  transmitter  radiated  spectrum  specifica¬ 
tion: 


The  power  spectral  density,  as  measured  in  a  lOOO-cps  band¬ 
width,  outside  a  bandwidth  of  ±320  kc  shall  not  exceed  —SO.  5  db 
referenced  to  the  unmodulated  carrier.  Carrier  components 
outside  a  ±500  kc  bandwidth  shall  not  exceed  —25  dbtn. 

For  test  purposes,  an  allowance  of  26  kc  is  made  on  each  side  of  the  spectrum 
1  r  transmitter  drift.  Also,  the  ±500-kc-bandwidth  specification  was  checked 
a;.  75  db  below  the  unmodulated  carrier  which  is  the  —25  dbm  level  for  a  100- 
v-att  transmitter. 

Tiie  general  technique  used  in  measuring  the  transmitter  radiated  power  spec¬ 
tral  density  is  to  translate  the  transmitter  output  spectrum  down  to  a  frequency 
ranpc  around  I  Me  and  then  use  a  frequency  selective  voltmeter  with  a  1  kc  band 
>-ii-i\Ti  to  measure  the  power  spectral  density.  This  translation  technique  pro- 
d  .'ir  a  quantitative  measure  on  an  rms  voltmeter  ot  the  power  spectral  density. 
A  e  ging  by  eye  as  required  by  spectrum  analyzers  is  eliminated.  The  fre- 
qut  r  cy  selective  voltmeter  used  in  this  test  has  a  frequency  range  from  1.0  kc 
to  1 .  5  Me.  In  order  to  measure  the  complete  transmitter  spectrum  within  this 
range,  it  is  necessary  to  first  place  the  local  oscillator  frequency  1  Me  below 
the  carrier  frequency.  Measurements  are  then  made  from  1.2  Me  down  to  sev¬ 
eral  hundred  kilocycles.  The  local  oscillator  is  next  placed  1  Me  higher  in  fre¬ 
quency  than  the  carrier.  Having  the  local  oscillator  above  the  carrier  inverts 
the  output  spectrum  of  the  transmitter  in  the  translation  process.  Thus,  the 
other  side  of  the  spectrum  can  now  be  measured  with  the  frequency  selective 
voltmeter  This  method  gives  an  accurate,  convenient,  and  quantitative  mea¬ 
surement  of  the  total  transmitter  power  spectral  density. 


3.2.2  Detailed  Procedure 

a.  The  block  diagram  for  this  test  is  shown  in  Figure  II-3.2-1. 

b.  Choose  an  attenuator  for  the  local  oscillator  so  that  the  local  oscil¬ 
lator  provides  at  least  ten  times  as  much  current  to  the  crystal  diode  as  does 
the  transmitter  output. 

c.  Tune  the  local  oscillator  1  Me  below  the  frequency  of  the  transmitter. 
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d.  Wit  -  the  transnutter  unmodulated,  tune  the  frequency  selected  volt¬ 
meter  to  the  c.  nodulated  carrier.  This  should  be  approximately  I  Me.  Note 
the  leve  l  of  the  inmoduhited  carrier. 

e.  Modulate  the  transmitter  ■'vith  the  full  multiplex.  Th  VCOs  should 
be  unmodulated  and  at  center  frequency. 

f.  With  the  frequency  selective  voltmeter  set  to  the  1000-cycle  band¬ 
width  position,  measure  the  radiated  power  spectral  density  by  sweeping  the 
frequency  scle cti'  'oltmete r  from  1.2  Me  to  100  kc  and  noting  the  meter  read¬ 
ings. 


g.  Tune  the  local  oscillator  to  1  Me  above  the  frequency  of  the  carrier 
and  repeat  the  previous  readings. 

h.  The  trans  nitter  radiated  power  spectral  density  curve  hould  be 
down  50.  5  db  from  th-  peak  of  the  modulated  power  spectral  density  curve. 

i.  If  the  radiated  spectrum  specification  is  exceeded,  reduce  the  gain 
of  the  mixer  amplifier  I  repeat  the  test. 


3.2.3  Re  suits 

The  radiated  spectrum  data  given  in  Tables  11-3.  2-2  through  II-3.  ^  ■  Sped 
fic  data  may  be  found  with  t  v.id  of  the  following  chart: 


Multiplex  Description 

IRIG  Channels  1 
through  18 

IRIG  Channels  1 
through  1 6  and  E 

Expanded  Channels 
1  through  2  1 

Expanded  Channels 
1  through  19  and  H 

Constant -Bandwidth 
Channels  1  through  21 

Constant-Bandw’idth 
Channels  1  through  16 


Tw  'a  Shown  in  Table 
U-3.  2-2 

..-3.  2-3 

TI-3.  2-4 

n-3.  ,:-5 

U-^.  2-0 

U-3.  2-7 

U-3.  2-8 


Data  Plotted  in  Figure 
1-3. 3-3 

1-3. 3-4 

1-3. 3-5 

1-3.  3-6 

1-3.  3-7 

1-3. 3-8 

1-3. 3-9 
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Combination  Bandwidth 


TRANSMITTER  RADIATED  SPECTRU 


TABLE  11- 5.2-2 
RADIATED  SPECTRUM  DATA: 
IRIG  CHANNELS  I  THROUGH  18 


I 


» 


Baseband  Structure:  /  ^  C  Ji 

Multiplex  Level:  Unmodulated  XMTR:_j2LiI[2L2L__''^*' 

-  t/.S-  dhm 


Local  Oscillator  rnc 


Local  Oscillator  _ai5i2_nnc 


Measured 

Normalized 

Level  in 

Measured 

Normalized 

Level  in 

F  requency 

F  requency 

1.  0  kc  BW 

F  requency 

F  requency 

1.  0  kc  BW 

(kc) 

(kc) 

(dbrr.) 

(kc) 

(kc) 

(dbm) 

TABLE  II-3.  2-3 
RADIATED  SPECTRUM  DATA: 

IRIG  CHANNELS  1  THROUGH  16  AND  E 


Baseband  Structure: 
Multiplex  Level:  /,  j 


Unmodulated  XMTR:  3^*^,  i 


me 

dbm 


N«m.!  MtU. 

D.t., 
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TABLE  n-3.2-4 
RADIATED  SPECTRUM  DATA: 
EXPANDED  CR^NNELS  I  THROUGH  21 


Baseband  Structure: 
Multiplex  Level:  7^ 


Unmodulated  XMTR: 


_mc 

dbm 


Name: . 


Date; 


TABLE  U-3.2.5 
RADIATED  SPECTRUM  DATA: 
EXPANDED  CHANNELS  1  THROUGH  19  AND  H 


Baseband  Structure;  I  TArmm^k  1 9  . 

Multiplex  Level;  a  Unmodulated  XMTR;  3^k9.  T  me 


Local  Oacillator 


me 


Local  Oacillator  QUO.7 


me 


Measured 

Normalir  ed 

Level  in 

Measured 

Normalised 

Level  in 

F  rcquency 

F  requency 

1.  0  kc  BW 

F  requency 

F  requency 

1.  0  kc  BW 

(kc) 

(kc) 

(dbm) 

(kc) 

(kc) 

(dbm) 

jaod 

0 

WIT1» 

0 

lostr 

-36- 

KAna 

_ 97A~ 

*3  6- 

106-0 

•6-0 

■Tim 

WKLJ^PM 

_ 

Bigm 

1016- 

-  76- 

mciiam 

wmFwm 

mriFm 

-9JS _ 

wmr^m 

i-93 

ms'Jifm 

TABLE  11-3.2-6 
RADIATED  SPECTRUM  DATA: 
CONSTANT  BANDWIDTH  MULTIPLEX 
CHANNELS  1  THROUGH  21 

Baa«banci  Structure;  C  Havxnri  l-'Sl  . _ C.  B (X) 


Multiplex  Level: 


Unmodulated  XMTR:  3^9  7 


_mc 

dbm 


Local  Oscillator  2 ^ 


Measured  Normalized  Level  in  Measured  Normalized  Level  in 

Fjrpquency  Frequency  1.  0  kc  BW  Frequency  Frequency  1. 0  kc  BW 

(kc)  (kc)  (dbm)  (kc)  (kc)  (dbm) 


1:2  36 


12  210 


l2l2. 


Local  Oscillator 


/ 


/<J /2i. 


av5 


:? 


26^ 


22  72 


270 


2ff 


vJ5 


yy/' 


yro 


-  6r,  !»' 


!  _ 

- 

-67.^' 

1  ;/9 

-  ZOH 

— 

3^6 

— 

?yy 

JS2. 

— 

— 

— 

376. 

igy 

-  192 

— 

900 

— 

9or  1 

~7».a 


■<rys" 


r7S 


r 


■ry.s' 


Y,b- 


9^.2 


S  Wcc't  1  0-^  2-. 


Name;  Date; 
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TABLE  II-3.  2-6  (CONT’D. ) 
RADIATED  SPECTRUM  DATA: 
CONSTANT  BANDWIDTH  MULTIPLEX 
•  CHANNELS  1  THROUGH  21 

Bm.«b«nd  Structure:  C  Wvine\  ^  CgOJ _ 

Multiplex  Level;  Unmodulated  XMTR 


Local  Oscillator 


Local 


teasured 

requency 

(kc) 


too*/ 


Normalized  Level  in  I  Measured  Normalised 
Frequency  1.  0  kc  BW  I  Frequency  Frequency 
(kc)  (dbm)  D  (kc)  (kc) 


Level  in 
1.  0  kc  BW 
(dbnv) 


-  r/j 


9a  <r 


■  9S.O 


93  O 


ir/3 


s~3a 


SWccL.  2  2^ 


Date: 


TABLE  II-3.  2-7 
RADIATED  SPECTRUM  DATA: 
CONSTANT  BANDWIDTH  MULTIPLEX 
CHANNELS  1  THROUGH  16 


Baseband  Structure: 
Multiplex  Level:  (pj 


Unmodulated  XMTR:  ^  7  me 

-/V.J  dbm 


N.m.r^ag/Wp.t  D»t.;  3-  9-Z.A* 


TABLE  II-3.  2-7  (CONT'D. ) 
RADIATED  SPECTRUM  DATA: 
CONSTANT  BANDWIDTH  MULTIPLEX 
CHANNELS  1  THROUGH  16 


leasured 

requency 

(kc) 


Normalized  Level  in  Measured 
Frequency  1.  0  kc  BW  Frequency 
(kc)  (dim)  (kc) 


Normalized  Level  in 
Frequency  1.  0  kc  BW 
(kc)  (dbm) 


TABLE  II-3.  2-8 
RADIATED  SPECTRUM  DATA: 
COMBINATIONAL  BANDWIDTH  MULTIPLEX 


Baseband  Structure; 
Multiplex  Level:  Zj 


Unmodulated  XMTRi  ^  ^*9.  7  me 

■/A"  0  dbm 


S  kez't’  /  -2 


Name:  t<^SiS/MDL  Date; 
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TABLE  U.3.2-9  (CONT’DJ 
RADIATED  SPECTRUM  DATA: 
COMBINATIONAL  BANDWIDTH  MULTIPLEX 


Baseband  Structure: 


/-3/ 


Multiplex  Level:  Unmodulated  XMTR:  7 


Shrrt 


Name:  Date: 
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3.  3  SYSTEM  INTERMODULATION  TEST 


3.  3.  1  General 

The  system  intermodulation  test  consists  of  removing  the  modulation  for  ^ne 
particular  channel,  called  the  search  channel,  and  substituting  a  voltage  ramp 
to  sweep  the  channel  slowly  from  low  bandedge  (LBE)  to  high  bandedge  (HBE). 
With  the  remaining  channels  in  the  multiplex  modulated  by  sine -wave  oscilla¬ 
tors,  the  intermodulation  on  the  search  channel  output  is  viewed  on  an  oscillo¬ 
scope  and  photographed.  In  the  technique  used,  the  oscilloscope  horizontal 
sweep  waveform  deviated  the  search  channel  from  LBE  to  HBE  in  40  seconds. 
The  block  diagram  for  the  test  is  shown  in  Figure  II-3.  3-1. 


3.3.2  Detailed  Procedure 

a.  With  the  pre-emphasis  schedule  and  transmitter  deviation  selected 
from  pre^dous  tests,  provide  the  receiver  with  an  rf  signal  so  that  the  IF  S/N 
ratio  is  greater  than  20  db. 

b.  Calibrate  all  VCOs. 

c.  Deviate  all  VCOs  FBW  at  5  cps  or  0.  1  whichever  is  larger, 
where  fm  i*  the  maximum  data  response  of  the  channel  for  the  particular  de¬ 
viation  ratio. 

d.  Set  the  discriminator  output  level  for  *10  volts  for  bandedge  devia¬ 
tion. 


e.  Set  the  oscilloscope  sweep  speed  to  5  sec/cm  and  adjust  the  ampli¬ 
tude  cf  search  channel  input  to  deviate  the  channel  to  full  bandwidth  (FBW). 
This  should  be  verified  by  viewing  the  dc-coupled  sweep  on  a  vertical  scale  of 
5  v/ cm. 


f.  The  ac -coupled  trace  can  now  be  used  to  view  intermodulation  noise 
on  the  0.  Iv/cm  vertical  scale.  Using  the  single  trace  provision,  photograph 
the  trace  with  a  lens  setting  of  f:10. 


3.  3.  3  Results 

Typical  data  are  shown  in  Figure  II-3.  3-2.  In  Figure  II-3.  3.2a,  trace  no.  1  is 
the  discriminator  output  dc  coupled  and  showing  the  horizontal  calibration.  Trace 
no.  2  is  the  amplified  and  ac -coupled  discriminator  output  signal.  This  particu¬ 
lar  teat  has  been  arranged  to  demonstrate  a  beat  note  by  holding  the  VCOs  caus¬ 
ing  the  beat  at  center  frequency.  Figure  II-3.  3-2b  is  the  same  channel  with  the 
same  VCOs  modulated.  To  prevent  overexposure,  the  direct-coupled-discriminator 
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output  IS  not  shown  on  the  data  photographs.  The  photograph  in  Figure  II-3.  3-2a 
was  taken  using  an  alternate -sweep  mode.  In  all  cases,  the  calibration  was 
checked  prior  to  taking  a  photograph. 

3.  3.  3.  1  IRIG  Baseband 

The  detailed  conditions  for  the  test  were: 

Test  channels:  IKIC  channels  1  through  18 
Multiplex  level:  1.0  volt  rms 
IF  S/N  ratio:  39  db 
Deviation  ratio:  5,  2,  and  1 

LPOF:  Nominal  f^  for  DR,  constant  amplitude  18  db/octave  type 

Figures  II-3.  3-3  through  II-3.  3-20  show  the  results  of  the  18-channel  system 
test.  The  data  has  been  summarized  in  Figure  1-3.  4-2. 

3.  3.  3.  2  Wideband  IRIG  Baseband 

The  detailed  conditions  for  the  test  were: 

Test  channels:  IRIG  channels  1  through  16  plus  channel  £ 

Multiplex  level:  1.0  volt  rms 
IF  S/N  Ratio:  39  db 
Deviation  ratio:  5 

LPOF:  Nominal  f^  for  DR  =  5,  constant  amplitude  18  db/octave 
type 

Figures  .11-3.  3-21  through  11-3.  3-26  show  the  results  of  the  wideband  IRIG  sys¬ 
tem  operated  at  a  deviation  ratio  of  5.  The  data  is  summarized  in  Table  1-3.  4-3. 

3.  3.  3.  3  Expanded  Baseband 

The  detailed  conditions  for  this  test  were: 

Test  channels:  1  through  21 
Multiplex  level:  750  mv  rms 
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I 

1 

IF  S/N  ratio:  39  db 

'  Deviation  ratio:  5 

I  LPOF:  Nominal  for  DR  *  5,  constant  amplitude  18  db/ocUve 

^  type 

(Figure*  11-3.  3-27  through  11-3.  3-33  show  the  results  of  the  21-channel  system. 
The  data  is  summariaed  in  Table  1-3.  4-3. 

I  3.3.  3.4  Wideband  Expanded  Baseband 

'  The  detailed  conditions  for  this  test  were: 

Test  channels:  i  through  19  plus  channel  H 

\ 

Multiplex  level:  630  mv  rms 
IF  S/N  ratio:  39  db 
Deviation  ratio:  5 

LPOF:  Nominal  f  for  DR  =  5,  constant  amplitude  18  db/octave 
type 

Figures  U-3.  3-34  through  II-3.  3-40  show  the  results  of  the  wideband  expanded 
baseband  system.  The  data  has  been  summarized  in  Table  1-3.  4-3. 

3.  3.  3.  5  Constant-Bandwidth  Baseband 
The  detailed  conditiens  for  this  test  were: 

Test  channel  :  1  through  21 

Multiplex  iovel:  360  mv  rms 
IF  S/N  ratio:  39  db 
Deviation  ratio:  2 

LPOF:  Nominal  f  for  DR  =  2,  constant  amplitude  42  db/octave 
type 

Figures  II-3.  3-41  through  II-3.  3-47  show  the  results  of  the  constant -bandwidth 
baseband  intermodulation  for  a  deviation  ratio  =  2.  This  data  is  summarized  in 
Table  1-3.  4-4. 
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Figure*  11*3.  3*48  through  11-3.  3-55  ehow  the  reeuite  of  intermotlulation  dat«  for 
couBtant-bondwidth  channel*  6.  10.  14,  and  19  for  deviation  ratio*  of  1.  2,  and 
4  for  these  conditions  of  modulation  on  all  other  channel*:  modulation  index  equal 
to  deviation  ratio  of  search  channel  and  with  ail  channel*  at  center  frequency  un¬ 
modulated.  This  data  is  summarized  in  Table  1-3.  4-5. 

Figure  II-3.  3-56  shows  a  compiarison  of  deviation  ratio*  of  4,  2,  and  1  on  con¬ 
stant-bandwidth  channel  6.  Figure  11-3.3-57  shows  the  effect  of  changing  the  sub- 
carrier  discriminator  output  filter  from  a  7  pole  (42  db/octave)  to  a  3  pole  (18  db/- 
octave)  type  on  constant-bandwidth  channels  3,  6,  and  19.  Figure  11-3.  3-58  shows 
the  effect  of  bypassing  the  rf  link  in  the  constant-bandwidth  system  for  channel  6 
operated  at  a  deviation  ratio  of  2.  Figure  11-3.  3-59  show*  the  effect  of  replacing 
the  Ncms-Clarke  Model  1455A  with  a  Defense  Electronic*  Model  TMR-2A  Re¬ 
ceiver  in  the  normal  constant -bandwidth  system.  The  above  data  i*  summarized 
in  Table  1-3.  4-7. 

The  constant-bandwidth-system  intermodulation  was  investigated  using  an  EMR 
Model  246A  in  place  of  the  Leach  Model  FM  200  Transmitter.  Data  for  various 
system  modifications  was  taken  and  is  shown  in  Figure*  11-3.  3-60  and  11-3.3-61. 
This  data  is  discussed  in  Section  3.4  of  Volume  I  and  i*  summarized  in  Table 
1-3.  4-8. 


3.  3.  3.  6  Combinational-Bandwidth  Baseband 

The  detailed  conditions  for  this  test  were: 

Test  channels:  IRIG  channels  1  through  11;  CBW  channels  1 
through  21 

Multiplex  level:  635  mv  rms;  IRIG  channels,  210  mv  rms; 

CBW  channels,  600  mv  rms 

IF  S/N  ratio:  39  db 

Deviation  ratio:  IRIG  channels,  DR  =  5;  CBW  channels,  DR  =2 

LPOF:  Nominal  for  DR  used,  constant  amplitude:  42  db/oc¬ 
tave  for  CBW  channels,  18  db/octave  for  IRIG  channels 

Figures  U-3.  3-62  through  II-3.  3-72  show  the  results  of  the  combinational -band - 
width  baseband  intermodulation.  Figure  II-3.  3-73  show*  the  inclusion  of  IRIG 
channel  12  into  the  baseband.  This  data  is  summarized  in  Table  1-3.  4-6. 
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FIGURE  U-3.  3-1 

INTERMODULATION  TEST  BLOCK  DIAGRAM 


‘rac«  No.  2 
s  0,  2v/  cm 

*  5sec/cm 


I  i  I 

LBE  CF  HBE 


a.  Search  Channel:  22  kc.  52.  5  kc  and  10.  0  kc  at  center 

frequency,  all  other  channel*  off.  RMo  level  -  15  mv  max. 


b.  Search  Channel:  22  kc.  52.  5  kc  and  30.  0  kc  modulated 

FEW  at  0.  1  f^.  All  other  channels  off.  RMS  level  =  12  mv  max. 


FIGURE  U-3.  3-2 

MODULATION  TEST:  CALIBRATION  AND  EXPLANATION  OF  TECHNIQUE 


a. 


b. 


DR  :t  5 

Vertical:  0.  5%  FBW/cm 
RMS  Level  «  14  mv  max 


DR  =  2 

Vertical:  2.  5%  FBW/cm 
RMS  Level  =  46  mv  max 


LBE  CF  HBE 


c. 


DR  =  1 

Vertical:  5.  0%  FBW/cm 
RMS  Level  =  90  mv  max 


FIGURE  n-3.  3-3 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2,  AND  1;  CHANNEL  1 


DR  »  5 

Vertical:  0.  5%  FBW/cm 
RMS  L«v«t  s  1  i  mv  max 


b.. 


DR  *  2 

Vertical:  2.  5%  FBW/cm 
RMS  Liarel  »  50  mv  max 


DR  =  I 

Vertical:  5.  0%  FBW/cm 
RMS  Level  -  300  mv  max 


LEE  CF  HBE 


FIGURE  n-3.  3-4 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2,  AND  1;  CHANNEL  2 
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OR  *  5 

Vertical:  0.  S%  FBW/cm 
RMS  Level  a  20  mv  max 


(  I 


DR  =  2 

Vertical:  2.  5%  FBW/cm 
RMS  Level  a  280  mv  max 


DR  a  1 

Vertical:  5.  0%  FBW/cm 
RMS  Level  =  1050  mv  max 


LBE 


CF  HBE 


FIGURE  n-3.  3-5 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  a  5  2,  AND  1;  CHANNEL  3 
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OK  *  5 

Vertical:  C,  5%  FEW /cm 
RMS  Level  s  15  mv  max 


DR  a  2 

Vertical:  2.  5%  FBW/cm 
RMS  Level  >130  mv  max 


DR  a  1 

Vertical:  5.  0%  FBW/cm 
RMS  Level  =  630  mv  max 


FIGURE  n-3.  3-6 

INTER  MODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2,  AND  1;  CHANNEL  4 
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LBE 


CF  HBE 


c. 


DR  a  5 

Vertical:  0.  5%  FBW/cm 
RMS  Level  =  18  mv  max 


DR  =  2 

Vertical:  2.  5%  FBW/cm 
RMS  Level  =  50  mv  max 


DR  =  1 

Vertical:  5.  0%  FBW/cm 
RMS  Level  =  110  mv  max 


FIGURE  U-3.  3-7 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2,  AND  1;  CHANNEL  5 


OR  »  5 

Vertical:  0.  5%  FEW /cm 
RMS  Level  *  15  mv  max 


b.  DR  =  2 

Vertical:  2.  5%  FEW /cm 
RMS  Level  *  55  mv  max 


DR  =  1 

Vertical:  5.  0%  FBW/cm 
RMS  Level  =  240  mv  max 


LEE 


CF  HEE 


FIGURE  n-3.  3-8 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2,  AND  1;  CHANNEL  6 
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DR  =  5 

Vertical:  0.  5%  FBW/cm 
RMS  Level  =16  mv  max 


DR  =  2 

Vertical:  2.  5%  FBW/cm 
RMS  Level  =  45  mv  max 


DR  =  1 

Vertical:  5.  0%  FBW/cm 
RMS  Level  =  140  mv  max 


LBE 


CF  HBE 


FIGURE  n-3.  3-9 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2,  AND  1;  CHANNEL  7 
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y-v* 


4..V 


a.  OR  s  3 

Vertical:  0.  5%  FBW/cm 
RMS  Level  =  15.  5  mv  m9x 


b.  DR  =  2 

Vertical:  2.  5%  FBW/cm 
RMS  Level  =170  mv  max 


DR  =  1 

Vertical:  5.  0%  F3W/cm 
RMS  Level  =  680  mv  max 


LBE 


HB£ 


FIGURE  n-3.  3-10 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2,  AND  1;  CHANTIEL  8 
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Vertical:  0.  5%  FBW/cm 
RMS  Level  =17  mv  max 


b.  DR  =  2 

Vertical:  2.  5%  FBW/cm 
RMS  Level  =  75  mv  max 


c.  DR  =  1 

Vertical:  5.  0%  FBW/cm 
RMS  Level  =  300  mv  max 


FIGURE  11^3.  3-11 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  Z,  AND  1;  CHANNEL  9 


DR  =  5 

Vertical:  0,  5%  FBW/cm 
RMS  Level  =18  mv  max 


DR  =  2 

Vertical:  2.  5%  FBW/cm 
RMS  Level  =  53  mv  max 


DR  =  1 

Vertical:  5.  0%  FBW/cm 
RMS  Level  =  85  mv  max 


FIGURE  n-3.  3-12 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2.  AND  1;  CHANNEL  10 
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DR  =  5 
Vertical:  0 
RMS  Level 


DR  =  2 
Vertical:  2 
RMS  Level: 


LBE 


CF  HBE 


FIGURE  n-3.  3-13 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2,  AND  1;  CHANNEL  11 


.  5%  FBW/cm 
=  17  mv  max 


5%  FBW/cm 
70  mv  max 


0%  FBW/cm 
170  mv  max 


DR  s  5 

Vertical:  0.  5%  FEW/ cm 
RMS  Level  =19  mv  max 


DR  =  2 

Vertical:  2.  5%FBW/cm 
RMS  Level  =  55  mv  max 


DR  =  1 

Vertical:  5.0%  FEW /cm 
RMS  Level  =  90  mv  max 


LEE 


CF 


HEE 


FIGURE  n-3.  3-14 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2,  AND  1;  CHANNEL  12 


DR  =  5 

Vertical:  0.  5%  FBW/cm 
RMS  Level  =  20  mv  max 


DR  =  2 

Vertical:  2.  5%  FBW/jm 
RMS  Level  =  55  mv  max 


DR  =  1 

Vertical:  5.  0%  FBW/cm 
RMS  Level  =100  mv  max 


FIGURE  n-3.  3-15 

INTERMODULATION  TEST;  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2,  AND  1;  CHANNEL  13 
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a.  DR  =  5 

Vertical:  0.  5%  FEW /cm 
RMS  Level;  19  mv  max 


b.  DR  =  2 

Vertical:  2.  5%  FEW /cm 
RMS  Level  s  78  mv  max 


c.  DR  =  1 

Vertical:  5.  0%  FEW/cm 
RMS  Level  =  200  mv  max 


LEE 


CF 


HBE 


FIGURE  U-3.  3-16 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2,  AND  1;  CHANNEL  14 


1^-m 


DR  X  5 

Vertical:  0.  5%  FEW /cm 
RMS  Level  x  19  rnv  max 


DR  X  2 

Vertical;  2,  5%  FEW /cm 
RMS  Level  x  80  mv  max 


DR  X  1 

Vertical:  5.  0%  FEW /cm 
RMS  Level  -  250  mv  max 


FIGURE  n-3.  3-17 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  x  5,  2,  AND  1;  CHANNEL  15 
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DR  a  5 

Vertical:  0.  5%FBW/cm 
RMS  Level  *  19.  5  mv  max 


b.  DR  =  2 

Vertical:  2.  5%  FBW/cm 
RMS  Level  =  90  mv  max 


c.  DR  =  1 

Vertical:  5.0%  FBW/cm 
RMS  Level  =  350  mv  max 


FIGURE  n-3.  3-18 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2,  AND  1;  CHANNEL  16 
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DR  5 

Vertical:  0.  5%  FEW /cm 
RMS  Level  =  25  mv  max 


DR  =  2 

Vertical:  2.  5%  FBW/cm 
RMS  Level  =  80  mv  max 


c.  DR  =  1 

Vertical:  5.  0%  FBW/cm 
RMS  Level  =  300  mv  max 


LBE 


CF  HBE 


FIGURE  n-'..  3-19 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2,  AND  1;  CHANNEL  17 


DR  =  5 

Vertical:  0.  5%  FBW/cm 
RMS  Level  =  21  mv  max 


DR  =  2 

Vertical:  2.  5%  FBW/cm 
RMS  Level  =  90  mv  max 


c.  DR  =  1 

Vertical:  5.  0%  FBW/cm 
RMS  Level  =  350  mv  max 


FIGURE  n-3.  3-20 

INTERMODULATION  TEST:  IRIG  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5,  2.  AND  i;  CHANNEL  18 
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Channel  1  ,  400  cps  ±7, 
DR  =  5 

RMS  Level  =  28  mv  max. 


Cha.inel  2,  560  cps  ±7.  5% 
DR  =  5 

RMS  Level  =  23  mv  max. 


Channel  3,  730  cps 
DR  =  5 

RMS  Level  =  26  mv  max. 


Horizontal;  5  sec/cm 


Vertical:  0.  5%  FBW/cm 


FIGURE  U-3.  3-21 

INTERMODUL.^TION  TEST:  IRIG  WIDEBAND  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  1,  2,  AND  3 
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Channel  4,  960  cpa  ±7.  5% 
DR  =  5 

RMS  Level  =15  mv  max. 


LBE 


CF  HBE 


Channel  5,  1.  3  kc  ±7.  5% 
DR  =  5 

RMS  Level  =18  mv  max. 


Channel  6,  1.  7  kc  ±7.  5% 
DR  =  5 

RMS  Level  =15  mv  max. 


Horizontal:  5  sec /cm 


Vertical;  0.  5%  FEW /cm 


FIGURE  n-3.  3-22 

INTERMODULATION  TEST;  IRIG  WIDEBAND  MULTIPLEX- 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  4.  5,  AND  6 
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Channel  7,  2.  3  kc  ±7.  5% 
DR  =  5 

RMS  Level  =14  mv  max. 


LBE  CF  HBE 

Horizontal:  5  sec /cm 


Channel  8,  3  kc  ±7.  5% 
DR  =  5 

RMS  Level  =12  mv  max. 


Channel  9,  3.  9  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  12.  5  mv  max. 


Vertical:  0.  5%  FEW /cm 


FIGURE  n-3.  3-23 

INTERMODULATION  TEST:  IRIG  WIDEBAND  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  7,  8,  AND  9 
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Channel  !0,  5.  4  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  17.  5  mv  max. 


LBE  CF  HBE 

Horizontal:  5  sec/cm 


Channel  11,  7.  35  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  16.  5  mv  max. 


Channel  12,  10.  5  kc  ±7.  5% 
DR  =  5 

RMS  Level  =17  mv  max. 


Vertical:  0.  5%  FBW/cm 


FIGURE  n-3.  3-24 

INTERMODULATION  TEST:  IRIG  WIDEBAND  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  10.  11,  AND  12 
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Channel  13,  14.  5  kc  ±7.  5% 
DR  =  5 

RMS  Level  =15  mv  max. 


LBE 


CF 


HBE 


Channel  14,  22  kc  ±7.  5% 
DR  =  5 

RMS  Level  =17  mv  max. 


Channel  15,  30  kc  ±7.  5% 
DR  =  5 

RMS  Level  =19  mv  max. 


Horizontal:  5  sec /cm 


Vertical:  0.  5%  FBW/cm 


FIGURE  n-3.  3-25 

INTERMODULATION  TEST:  IRIG  WIDEBAND  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  13,  14,  AND  15 
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Channel  16,  .40  kc  ±1.  5% 
DR  =r  5 

RMS  Level  =  25  mv  max. 


Channel  £,  70  kc  ±15% 

DR  =  5 

RMS  Level  =  16.  5  mv  max, 


LBE  CF  HBE 

Horizontal:  5  sec/cm  Vertical:  0.  5%  FBW /cm 


FIGURE  n-3.  3-26 

INTERMODULATION  TEST:  IRIG  WIDEBAND  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  16  AND  E 


LBE  CF  HBE 

Horizontal:  5  sec /cm 


Channel  1,  400  cps  ±1.  5% 
DR  a  5 

RMS  Level  =  20  mv  max. 


Channel  2,  560  cps  ±1.  5% 
DR  =  5 

RMS  Level  =  25  mv  max. 


Channel  3,  730  cps  ±7.  5% 
DR  =  5 

RMS  Level  =18  mv  max. 


Vertical:  0.  5%  FBW/cm 


FIGURE  n-3.  3-27 

INTERMODULATION  TEST:  EXPANDED  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  1,  2,  AND  3 
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Channel  4,  960  cpe  ±7.  5% 
DR  s  5 

RMS  Level  =  13  mv  mauu 


Channel  5,  i.  3  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  20  r  v  max. 


Channel  s,  1,  7  kc  ±7.  5% 
DR  =  5 

RMS  Level  s  18  mv  max. 


Horizontal;  5  sec /cm 


Vertical:  0.5%  FEW /cm 


FIGURE  n-3.  3-28 

INTERMODULATION  TEST:  EXPANDED  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  4.  5,  AND  6 
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Channel  7,  2. 1  kc  ±1.  5% 
DR  a  5 

RMS  Level  =15  mv  max. 


Channel  8,  3.  0  kc  ±7.  5% 
DR  =  5 

RMS  Level  =15  mv  max. 


Channel  9,  3.  9  kc  ±1.  5% 
DR  3  5 

RMS  Level  =15  mv  max. 


Horirontal:  5  sec /cm 


Vertical:  0.  5%  FEW /cm 


FIGURE  n-3,  3-29 

INTERMODULATION  TEST:  EXPANDED  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  7,  8,  AND  9 
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Channttl  10,  5.4  kc  *7.  5% 
OR  »  5 

RMS  L«vei  as  1 9  mv  max. 


Channel  11,  7.  35  kc  *7. 
DR  =  5 

RMS  Level  =18  mv  max. 


Channel  12,  10.  5  kc  *7.  5% 
DR  =  5 

RMS  Level  =19  mv  max. 


Horizontal:  Saec/cm 


Vertical:  0.  5%  FEW /cm 


FIGURE  n-3.  3-30 

INTERMODULATION  TEST:  EXPANDED  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  10,  11,  AND  12 
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Channel  13,  14.  5  kc  ±7.  5% 
OR  3  5 

RMS  Level  =  24  mv  max. 


Channel  14,  22.  0  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  31  mv  max. 


Channel  15,  30.  0  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  32  my  max. 


Horizontal:  5  sec /cm 


Vertical:  0.  5%  FEW /cm 


FIGURE  n-3.  3-31 

INTERMODULATION  TEST:  EXPANDED  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  13,  14,  AND  15 


-163- 


LBE  CF  HBE 

Horiasontal:  5  gee /cm. 


Channel  16,  40.  0  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  35  mv  max. 


Channel  17,  52.  5  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  36  mv  max. 


Channel  18,  70.  0  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  31  mv  max. 


Vortical:  0.  5%  FBW/cm 


1 

i 

I 


FIGURE  n-3.  3-32 

INTERMODULATION  TEST:  EXPANDED  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  16,  17,  AND  18 


Channel  19,  93.  0  kc  ±7,  5% 
DR  =  5 

RMS  Level  =  27  mv  max. 


Channel  20,  124.  0  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  26  mv  max. 


Channel  21,  165.  0  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  21  mv  max. 


LBE 

CF 

HBE 

Horizontal: 

5  sec /cm 

Vertical;  0.  5%  FBW/cm 

FIGURE  n-3.  3-33 

INTERMODULATION  TEST:  EXPANDED  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  19,  20,  AND  21 
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LBE  CF  HBE 

Horizontal:  5  aec/cm 


Channel  1 ,  400  cpa  ±7.  5% 
DR  =  5 

RMS  Level  =  24  nnv  max. 


Channel  Z,  560  cpa  ^7.  5% 
DR  =  5 

RMS  Level  =  20  mv  max. 


Channel  3,  730  cpa  ±7,  5% 
DR  =  5 

RMS  Level  =  22.  mv  max. 


Vertical:  0.  5%  FBW/cm 


FIGURE  n-3.  3-34 

INTERMODULATION  TEST:  EXPANDED  WIDEBAND  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  1,  2,  AND  3 
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Channel  4,  960  cps  ±7.  5% 
DR  =  5 

RMS  Level  =16  mv  max. 


Channel  5,  1.  3  kc  ±7.  5% 
DR  =  5 

RMS  Level  =16  mv  max. 


Channel  6,  1.  7  kc  ±7.  5% 
DR  =  5 

RMS  Level  =13  mv  max. 


Horizontal:  5  sec/cm 


Vertical;  0.  5%  FEW /cm 


FIGURE  U-3.  3-35 

IXTERMODULATION  TEST:  EXPANDED  WIDEBAND  MULTIPLEX- 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  4,  5,  AND  6 
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Channel  7,  2.  3  kc  ±7.  5% 
DR  =  S 

RMS  Level  =  17  mv  max. 


Channel  8,  3.  0  kc  ±7.  5% 
DR  =  5 

RMS  Level  =15  mv  max. 


Channel  9,  3.  9  kc  ±7.  5% 
DR  =  5 

RMS  Level  =16  mv  max. 


Horizontal:  5  sac/cm 


Vertical:  0.  5%FBW/cm 


FIGURE  U-3.  3-36 

INT2RMODULATION  TEST;  EXPANDED  WIDEBAND  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  7^  8,  AND  9 
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LBE  CF  HBE 

Horizontal:  5  sec/cm 


Channel  10,  5.  4  kc  ±7.  5% 
DR  =  5 

RMS  Level  =18  mv  max. 


Channel  11,  7.  35  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  18  mv  max. 


Channel  12,  10.  5  kc  ±7.  5% 
DR  =  5 

RMS  Level  =16  mv  max. 


Vertical:  0.  5%  .  BW/cm 


FIGURE  U-3.  3-37 

INTERMODULATION  TEST:  EICPANDED  WIDEBAND  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  10,  11,  AND  12 
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LBE  CF  HBE 


Channel  13»  14.  5  kc  ±7,  5% 
DR  =  5 

RMS  Level  =  20  mv  max. 


Channel  14,  22  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  27  mv  max. 


Channel  15,  30  kc  ±7,  5% 
DR  =  5 

RMS  Level  =  22  mv  max. 


Horizontal:  5  aec/cm 


Vertical:  0.  5%  FBW/cm 


FIGURE  n-3.  3-38 

INTERMODULATION  TEST:  EXPANDED  WIDEBAND  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  13,  14.  AND  15 
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Horizontal:  5  sec/cm 


Channel  16,  40  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  23  mv  max. 


Channel  17,  52.  5  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  24  mv  max. 


Channel  18,  70  kc  ±7.  5% 
DR  =:  5 

RMS  Level  =  30  mv  max. 


Vertical:  0.  5%  FEW /cm 


FIGURE  n-3.  3-39 

INTERMCDULATION  TEST:  EXPANDED  WIDEBAND  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  CHANNELS  16,  17,  AND  18 
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lbe  cf  hbe 

Horizontal:  5  sec/cm 


Channel  19,  93  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  25  mv  max. 


Channel  H,  165  kc  ±1.5% 
DR  =  5 

RMS  Level  =  25  mv  max. 


Vertical:  0.  5%FBW/cm  | 

A 


FIGURE  n-3.  3-40 

INTERMODULATION  TEST:  EXPANDED  WIDEBAND  MULTIPI.£X; 
SEARCH  CHANNEL  DR  =  5;  CHANNEL  19  AND  H 
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Channel  1 ,  1 6.  0  kc  ±2  kc 
RMS  Level  -  86  mv  max. 


Channel  2,  24.  0  kc  kc 
RMS  Level  =  94  mv  max. 


Channel  3,  32.  0  kc  ±2  kc 
RMS  Levrel  =110  mv  max. 


Horizontal:  5  sec /cm 


Vertical:  2.  5%  FBW/cm 


FIGURE  n-3.  3-41 

INTERMODULATICN  TEST:  CONSTANT -BANDWIDTH  MULTIPLEX,  MI  =  20; 
SEARCH  CHANNEL  DR  =  2;  CHANNELS  1,  2,  AND  3 
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Channel  4*  40.  0  kc  :t2  kc 


LBE  CF  HBE 

Horizontal:  5  sec/cm 


RMS  Level  =  97  mv  max. 


Channel  5,  48.  0  kc  ±2  kc 
RMS  Level  =  94  mv  max. 


Channel  6.  56.  0  kc  ±2  kc 
RMS  Level  =  140  mv  max. 


Vertical:  2.  5%  FBW/cm 


FIGURE  U- 3.  3-42 

'TTERMODULATION  TEST:  CONSTANT -BANDWIDTH  MULTIPLEX,  MI  =  20; 
SEARCH  CHANNEL  DR  =  2;  CHANNELS  4,  5,  AND  6 
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Channel  7,  64.  0  kc  ±Z  kc 


Horizontal:  5  sec/cm 


RMS  Level  =  86  mv  max. 


Channel  8,  72.  0  kc  ±2  kc 
RMS  Level  =  85  mv  max. 


Channel  9,  80.  0  kc  ±2  kc 


RMS  Level  =  86  mv  max. 


Vertical:  2.  5%  FEW /cm 


FIGURE  n-3.  3-43 

INTERMODULATION  TEST:  CONSTANT-BANDWIDTH  MULTIPLEX,  1^  =  20; 
SEARCH  CHANNEL  DR  =  2;  CILANNELS  7,  8,  and  9 


-17b- 


Channel  10,  88.  0  kc  ±2  kc 


Horizontal:  5  sec/cm 


RMS  Level  =  89  mv  max. 


Channel  1 1 ,  96.  0  kc  ±2  kc 
RMS  Level  =  87  mv  max. 


Channel  12,  104.  0  kc  iZ  kc 
RMS  Level  =  86  mv  max. 


Vertical:  2.  5%  FBW/cm 


FIGURE  n-3.  3-44 

INTERMODULATION  TEST:  CONSTANT-BANDWIDTH  MULTIPLEX,  MI  =20; 
SEARCH  CHANNEL  DR  =  2;  CHANNELS  10,  11,  AND  12 
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LBE  CF  HBE 

Horizontal;  5  sec /cm 


Channel  13,  112.  0  kc  ±l  kc 
R>4S  Level  =  81  mv  max. 


Channel  14,  120.  0  kc  *2  kc 
RMS  Level  =  90  mv  max. 


Channel  15,  128.  0  kc  ±2  kc 
RMS  Level  =  83  mv  max. 


Vertical:  2.  i%FBW/cm 


FIGURE  n-3.  3-45 

INTSRMODULATION  TEST:  CONSTANT-BANDWIDTH  MULTIPLEX,  MI  =  20; 
SEARCH  CHANNEL  DR  =  2;  CHANNELS  13,  14,  AND  15 
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LBE  CF  HBE 

Horizontal;  5  sec/cm 


Channel  16,  136.  0  kc  ±2  kc 
RMS  Level  =  85  mv  max. 


Channel  17,  144.  0  kc  ±2  kc 
RMS  Level  =  86  mv  max. 


Channel  18,  152.  0  kc  ±2  kc 
RMS  Lev'll  =  81  mv  max. 


Vertical;  2.  5%  FBW/cm 


FIGURE  U-3.  3-46 

NT ERMOOU RATION  TEST;  CONSTANT -BANDWIDTH  MULTIPLEX,  MI  =  20; 
SEARCH  CHANNEL  DR  =  2;  CFA NINELS  16,  17,  AND  18 
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LBE  CF  HBE 

Horizontal:  5  sec /cm 


Channel  19,  160.  0  kc  ±2  kc 
RMS  Level  =  91  mv  max. 


Channel  20,  168.  0  kc  kc 
RMS  Level  =  85  mv  max. 


Channel  21,  176.  0  kc  ±2  kc 
RMS  Level  =  82  mv  max. 


Vertical:  2,  5%  FBW/cm 


FIGURE  n-3.  3-47 

INTERMODULATION  TEST:  CONSTANT -BANDWIDTH  MULTIPLEX,  MI  =  20; 
SEARCH  CHANNEL  DR  =  2;  CHANNELS  19,  20,  AND  21 
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LBE  CF  HBE 

Horizontal;  5  sec /cm 


Cliannel  6:  56.  0  kc  ±2  kc 
RMS  Level  »  152  mv  max. 


Channel  10:  8-^.  0  kc  ±2  kc 
RMS  Level  =  93  mv  max. 


Channel  14;  120.  0  kc  ±2  kc 
RMS  Level  =  92  mv  max. 


Channel  19;  160.  0  kc  ±2  kc 
RMS  Level  =  94  mv  max. 


Vertical;  2.  5%  FBW/cm 


FIGURE  n-3.  3-48 

:NTERM0DULATI0N  test;  constant-bandwidth  multiplex,  mi  =  2; 

SEARCH  CHANNEL  DR  =  2;  CHANNELS  6,  10,  14,  AND  19 


Channel  6,  56.  0  kc  ±2  kc 


RMS  Level  =  200  mv  max. 


Channel  10,  88.  0  kc  ±2  kc 
RMS  Level  =  128  mv  max. 


Channel  14,  120.  0  kc  ±2  kc 
RMS  Level  =  120  mv  max. 


Channel  19,  160.  0  kc  ±2  kc 
RMS  Level  =106  mv  max. 


LEE  CF 


HBE 


Horizontal:  5  eec/cm 


Vertical:  2.  5%  FEW /cm 


FIGURE  n-3.  3-49 

INTERMODULATION  TEST:  CONSTANT  EANDWIDTH  MULTIPLEX, 
VCO'S  AT  CENTER  FREQUENCY;  SEARCH  CHANNEL  DR  =  2^ 
CHANNELS  6,  10.  14,  AND  19 


Horizontal:  5  sec /cm 


Channel  6:  56.  0  kc  ^2  kc 
RMS  Level  =  285  mv  max. 


Channel  10:  88.  0  kc  ±2  kc 
RMS  Level  =  205  mv  max. 


Channel  14:  120.  0  kc  ±2  kc 
RMS  Level  =  200  mv  max. 


Channel  19:  160.  0  kc  ±2  kc 
RMS  Level  =  210  mv  max. 


Vertical:  5.  0%  FBW/cm 


FIGURE  n-3.  3-50 

'TTERMODULATION  TEST:  CONSTANT-BANDWIDTH  MULTIPLEX,  MI  «  20; 
SEARCH  CHANNEL  DR  =  1;  CHANNELS  6,  10,  14,  AND  19 


LBE  CF  HBE 

Horizontal:  5  sec/cm 


Channel  6:  56.  0  kc  ±2  kc 
RMS  Level  =  330  mv  max. 


Channel  10:  88.  0  kc  ±2  kc 
RMS  Level  =  310  mv  max 


Channel  14:  120.  0  kc  ±2  kc 
RMS  Level  =  440  mv  max 


Channel  19:  160.  0  kc  db?,  kc 
RMS  Level  =  300  mv  max. 


Vertical:  5.  0%  FBW/cm 


FIGURE  n-3.  3-51 

INTERMODULATION  TEST:  CONSTANT-BANDWIDTH  MULTIPLEX,  MI  =  1; 
SEARCH  CHANNEL  DR  =  1;  CHANNELS  6,  10,  14,  AND  19 
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Channel  6,  56.  0  kc  ±2  kc 


Horizontal:  5  sec /cm 


RMS  Level  =  330  mv  max. 


Channel  10,  88.  0  kc  ±2  kc 
RMS  Level  =  260  mv  max. 


Channel  14,  120.  0  kc  ±2  kc 
RMS  Level  s  220  mv  max. 


Channel  19*  160.  0  kc  ±2  kc 
RMS  Level  ^  218  mv  max. 


Vertical:  5.  0%  FBW/cm 


FIGURE  n-3.  3-52 

INTERMODULATION  TEST;  CONSTANT  BANDWIDTH  MULTIPLEX, 
VCO'S  AT  CENTER  FREQUENCY;  SEARCH  CHANNEL  DR  »  1; 
C'lANNELS  6,  10,  14,  AND  19 


Horizontal:  5  sec/cm 


Channel  6:  56.  0  kc  ±2  V.c 
RMS  Level  =  34  mv  max. 


Channel  10:  88.  0  kc  ±2  kc 
RMS  Level  =  17.  5  mv  max. 


Channel  14:  120.  0  kc  :t2  kc 
RMS  Level  =  18.  6  mv  max. 


Channel  19:  160.  0  kc  ±2  kc 
RMS  Level  =  19.  5  mv  max. 


Vertical:  0.  5%  FEW /cm 


FIGURE  II-3.  3-53 

INTERMODULATION  TEST;  CONSTANT -BANDWIDTH  MULTIPLEX,  MI  =  20; 
SEARCH  CHANNEL  DR  =  4;  CHANNELS  6,  10,  14,  AND  19 
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LBE  CF  HBE 

Horizontal:  5  sec/cm 


Channel  6:  56.  0  kc  ±Z  kc 
RMS  Level  =  32.  0  mv  max. 


Channel  10;  88.  0  kc  ±Z  kc 
RMS  Level  >  18.  0  mv  max. 


Channel  14:  120.  0  kc  i^Z  kc 
RMS  Level  *  19.  2  mv  max. 


Channel  19:  160.  0  kc  ±Z  kc 
RMS  Level  =  19.  6  mv  max. 


Vertical:  0.  5%  FEW /cm 


FIGURE  n-3.  3-54 

INTERMODULATION  TEST;  CONSTANT -BANDWIDTH  MULTIPLEX,  MI  ■  4; 
SEARCH  CHAMvIEL  DR  =  4;  CHANNELS  6,  10,  14,  AND  19 


Channel  6,  56.  0  kc  ±2  kc 


LBE  CF  HBE 

Horizontal:  5  sec /cm 


RMS  Level  =  40.  0  mv  marr. 


Channel  10,  88.  0  kc  ^2  kc 
RMS  Level  =  26.  0  mv  max. 


Channel  14,  120.  0  kc  ±2  kc 
RMS  Level  =  26.  0  mv  max. 


Channel  19,  160.  0  kc  ±2  kc 
RMS  Level  =  23.  6  mv  max. 


Vertical:  0.  5%  FBW/cm 


FIGURE  n-3.  3-55 

INTERMODULATION  TEST:  CONSTANT  BANDWIDTH  MULTIPLEX, 
VCO'S  AT  CENTER  FREQUENCY;  SEARCH  CHANNEL  DR  =  4; 
CHANNELS  6,  10,  14,  AND  19 


T  la  XT 

I.  ..i  fl 


CF 


HBS 


Horizontal:  5  sec /cm 


Vertical:  2.  5%  FBW/cm 


FIGURE  n-3.  3-56 

INTERMODULATION  TEST:  CONSTANT-BANDWIDTH  MULTIPLEX, 
DEVIATION  PATIO  COMPARISON,  MI  s  20; 

SEARCH  CHANNEL  DR  =  4,  2,  AND  1;  CHANNEL  6 


Channel  6:  56.  0  kc  ±Z  kc 
DB. -4 


Channel  6:  56.  0  kc  ±2  kc 
DR  -  2 


Channel  6:  56.  0  kc  ±2  kc 
DR  =  1 
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Channel  3:  32.  0  kc  kc 


T 

I 


LBE  CF  HBE 

Horizontal:  5  sec/cm 


RMS  Level  =  106  mv  max. 


Channel  6:  56.  0  kc  ±2  kc 
RMS  Level  =126  mv  max. 


Channel  19:  160.  0  kc  ±2  kc 
RMS  Level  =  98  mv  max. 


Vertical:  2.  5%  FBW/cm 


FIGURE  n-3.  3-57 

INTERMODULATION  TEST:  CONSTANT -BANDWIDTH  MULTIPLEX,  MI  =  20, 
WITH  CONSTANT -AMPLITUDE,  18  DB/OCT  OUTPUT  FILTERS; 
SE;ARCH  CHANNEL  DR  =  2;  CHANNELS  3,6,  AND  19 
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? 


LBE  CF  HBE 

Horizontal:  5  sec /cm 


Channel  6,  56.  0  kc  ±2  kc 
RMS  Level  *  30  mv 


Vertical:  2.  5%  FBW/cm 


FIGURE  n-3.  3-58 

INTERMODTILATION  TEST:  CONSTANT  BANDWIDTH  MULTIPLEX, 
WITH  RADIO  FREQUENCY  EQUIPMENT  BYPASSED,  MI  =  20; 
SEARCH  CHANNEL  DR  =  2;  CHANNEL  6 
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Channel  6:  56.  0  kc  ±Z  kc 


Horizontal:  5  sec /cm 


RMS  Level  =138  niv  max. 


Channel  10:  88.  0  kc  ±Z  kc 
RMS  Level  =  95  mv  max. 


Channel  14:  120.  0  kc  ±2  kc 
RMS  Level  =  95  mv  max. 


Channel  19:  160.  0  kc  ±2  kc 
RMS  Level  =  95  mv  max. 


Vertical:  2.  5%  FBW/cm 


FIGURE  U-3.  3-59 

INTERMODULATION  TEST:  CONSTANT-BANDWIDTH  MULTIPLEX,  MI  =  20, 
USING  DEFENSE  ELECTRONICS  TMR-2A  RECEIVER; 

SEARCH  CHANNEL  DR  =  2;  CHANNELS  6,  10,  14  AND  19 
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Stand&rd  Intermodulation  Test: 
Leach  FM  200  replaced  by 
EMR  246A  Transmitter 
RMS  Level  s  134  mv  max. 


Effect  of  IF  Bandwidth:  Nems- 
Clarke  1455A  500  kc  IF  replaced 
with  Nems-Clarke  Special  1703A 
1.  9  Me  IF  Receiver 
B.MS  Level  118  mv  max. 


Effect  of  Uncorrelated  VCO 
Modulation:  EMR  246 A  and 
500  kc  IF  Nems'Claxke  1455A 
with  VCO's  individually  modu* 
lated  with  IQO  cps  sources. 
RMS  Level  =  132  mv  max. 


Horizontal:  5  sec /cm 


Vertical:  2.  5%  FBW/cm 


Search  Channel:  CBW  Channel  6»  56.  0  kc  ^2  kc*  DR  s  2 
All  Other  Channels:  Ml  =  2 

FIGURE  n-3.  3-60 

INTERMODULATION  TEST:  CONSTANT  BANDWIDTH  MULTIPLEX  USING 
EMR  246A  TRANSMITTER;  EFFECTS  OF  1.  0  MC  IF  BANDWIDTH  AND 
SEPARATE  100  CPS  SOURCES;  CBW  CHANNEL  6 
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Error  Oua  to  Receiver  Noise; 
Search  Channel  Only  Turned  On 
RMS  Level  =  72  mv  max. 


LBE  CF  HBE 

Horizontal:  5  sec /cm 


Effect  of  a  Reduced  Number  of 
Channels:  EMR  246A  and  SCO  kc 
IF  Nems-Clarke  1455A  with  only 
16  lower  frequency  \'CO'8 
individually  modulated  at  100  cp* 
RMS  Level  =  60  mv  max. 


Effect  of  Reduced  Transmitter 
Deviation:  EMR  246A  and  500  kc 
IF  Nems-Clarke  with  transmitte; 
drive  reduced  by  half;  all  21 
channels  individually  modulated 
at  100  cps 

RMS  Level  =  144  i  iv  max. 


Vertical:  2.  5%  FBW/cm 


Search  Channel:  CBW  Channel  6,  56.  0  kc  ±2  kc,  DR  =  2 
All  Other  Channels:  MI  =  2 

FIGURE  n- 3.  3-61 

INTERMODULATION  TEST:  CONSTANT  BANDWIDTH  MULTIPLEX  USING 
EMR  246A  TRANSMITTER;,  EFFECTS  OF  A  REDUCED  NUMBER  OF 
CHANNELS  AND  REDUCED  TRANSMITTER  DRIVE;  CBW  CHANNEL  6 


Channel  1 ,  0.  40  kc  ±7.  5% 
RMS  Level  s  6.  1  mv  max. 


Channel  Z,  0.  56  kc  *7.  5% 
RMS  Level  =  6.  2  mv  max. 


Channel  3,  0.  73  kc  ±7.  5% 
RMS  Level  =15  mv  max. 


Horizontal:  5  sec/cm  Vertical:  0.  5%FBW/cm 

Channels  deviated  at  one-tenth  nominal  cutoff  frequency  or  5  cps» 
whichever  is  larger. 


FIGURE  U-3.  3-62 

INTERMODULATION  TEST:  COMBINATIONAL  BANDWIDTH  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  PBW  CHANNELS  1,  2,  and  3 
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Channel  4,  0.  96  kc  ±7,  5% 
RMS  Level  s  9  mv  m». 


Channel  5,  1.  30  kc  ±7.  5% 
RMS  Level  =12  rxlv  max. 


Channel  6,  1.  70  kc  ±7.  5% 
RMS  Level  =11  mv  max. 


Horizontal:  5  sec /cm  Vertical:  0.  5%FBW/cm 

Channels  deviated  at  one-tenth  nominal  cutoff  frequency  or  5  cps, 
whichever  is  larger. 

FIGURE  II- 3.  3-63 

INTERMODULATION  TEST:  COMBINATIONAL  BANDWIDTH  MULTIPLEX; 
SEARCH  CHANNEL  DR  »  5;  PBW  CHANNELS  4,  5,  and  6 
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Channel  7,  2,  30  kc  ±7.  5% 


RMS  Level  *  6,  5  mv  max. 
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Channel  8»  3.  00  kc  ±7.  5% 


RMS  Level  s  9  mv  max. 


Channel  9»  3,  90  kc  ±7,  5% 


RMS  Level  =  8  mv  max. 


LBE 


Horizontal;  5  sec /cm 


HBE 


Vertical:  0.  5%  FBW/cm 


Channels  deviated  at  one-tenth  nominal  cutoff  frequency  or  5  cps, 
whichever  is  larger.  i 

1 

FIGURE  II-3.  3-64 

INTERMODULATION  TEST:  COMBINATIONAL  BANDWIDTH  MULI'IPLEX; 
SEARCH  CHANNEL  DR  =  5;  PBW  CHANNEJ5  7.  Stand  9 
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Channel  11,  7.  35  kc  ±7.  5% 
RMS  Level  =  8.  5  mv  max. 


LBE 


CF 


HBE 


Horizontal:  5  sec/cm  Vertical:  0.  5%FBW/cm 

t 

Channels  deviated  at  one-tenth  nominal  cutoff  frequency  or,  5  cps, 
whichever  is  larger. 


FIGURE  n- 3.  3-65 

INTERMODULATION  TEST:  COMBINATIONAL  BANDWIDTH  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  5;  PBW  CHANNELS  10  and  11 
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Channel  1,  16.  0  kc  ^2  kc 
RMS  Level  =125  mv  max. 


Channel  3«  32.  0  kc  ±Z  kc 
RMS  Level  =132  mv  max. 


LEE  CF 


HBE 


Horizontal:  5  sec/cm  Vertical:  2.  5%FBW/cm 

Channels  deviated  at  one-tenth  nominal  cutoff  frequency  or  5  cpe, 
whichever  is  larger. 


FIGURE  n- 3.  3-66 

INTERMODULATION  TEST:  COMBINATIONAL  BANDWIDTH  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  2;  CBW  CHANNELS  1,  2.  and  3 
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Channel  4,  40.  0  kc  kc 


RMS  Level  =  130  mv  max. 


Channel  5,  48.  0  kc  ±2  kc 
RMS  Level  =114  mv  max. 


Channel  6,  56.  0  kc  kc 
RMS  Level  =  175  mv  max. 


LEE 


HBE 


Horizontal:  5  sec/cm  Vertical:  2.  5%FBW/cm 

Channels  deviated  at  one-tenth  nominal  cutoff  frequency  or  5  cps, 
whichever  is  larger. 


FIGURE  n-3.  3-67 

INTERMODULATION  TEST:  COMBINATIONAL  BANDWIDTH  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  2;  CBW  CHANNELS  4,  5,  and  6 
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Channel  7,  64*  0  kc  ±2  kc 
RMS  Level  =  97  mv  max. 


Channel  8,  72.  0  kc  ±2  kc 
RMS  Level  =  94  mv  max. 


Channel  9,  80.  0  kc  ±2  kc 
RMS  Level  =100  mv  max. 


Horizontal:  5  sec /cm  Vertical:  2.  5%FBW/cm 

Channels  deviated  at  one -tenth  nominal  cutoff  frequency  or  5  cps, 
whichever  is  larger. 


FIGURE  U-3.  3-68 

intermodulation  TEST:  COMBINATIONAL  BANDWIDTH  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  2;  CBW  CHANNELS  7.  8,  and  9 
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I 

I 

Channel  10,  88.  0  kc  ±2  kc 
RMS  Level  s  100  mv  max. 


Channel  11,  96.  0  kc  ±2  kc 
RMS  Level  =102  mv  max. 


Channel  12,  104.  0  kc  ±2  kc 
RMS  Level  =102  mv  max. 


LEE  CF  HBE 

Horizontal;  5  sec/cm  Vertical;  2.  5%FBW/cm 

Channels  deviated  at  one-tenth  nominal  cutoff  frequency  or  5  cps, 
whichever  is  larger.  \ 

FIGURE  n-3.  3-69 

INTERMODULATION  TEST:  COMBINATIONAL  BANDWIDTH  MULTIPLEX; 
SEARCH  CHANNEL  DR  *  2;  C3W  CHANNELS  10,  11,  and  12 


-201- 


i 

I 

I 

f 

} 


LBE  CF  HBE 

Horizontal:  5  sec/cm 


Channel  13,  1 12.  0  kc  kc 
RMS  Level  *  92  mv  nrxax. 


Channel  14.  120.  0  kc  ±2  kc 
RMS  Level  =102  mv  max. 


Channel  15.  128.  0  kc  ±2  kc 
RMS  Level  =  95  mv  max. 


Vertical:  2.  5%  FBW/cm 


Channels  deviated  at  one -tenth  nominal  cutoff  frequency  or  5  cpe. 
which:iver  is  larger. 


FIGURE  n-3.  3-70 

INTERMODULATION  TEST:  COMBINATIONAL  BANDWIDTH  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  2;  CBW  CHANNELS  13, 14  and  15 
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Channel  16,  136.  0  kc  ±2  kc 
RMS  Level  =102  mv  max. 


Channel  17,  144.  0  kc  ±2  kc 
RMS  Level  =  104  mv  max. 


Channel  18,  152.  0  kc  ±2  kc 
RMS  Level  =100  mv  max. 


Horiaontal:  5  sec/cm  Vertical:  2.  5%FBW/cm 

Channels  deviated  at  one-tenth  nominal  cutoff  frequency  or  5  cps, 
whichever  is  larger. 

FIGURE  n-3.  3-71 

INTLRMODULATION  TEST:  COMBINATIONAL  BANDWIDTH  MULTIPLEX; 
SEARCH  CHANNEL  DR  =  2;  C3W  CHANNELS  16, 17,  and  18 
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Chann«l  I9t  160.  0  kc  ±2  kc 
RMS  L«vel  =  115  mv  max. 


Channel  20,  168.  0  kc  ^2  kc 
RMS  Level  =  109  tnv  max. 


Channel  21,  176.  0  kc  ±2  kc 
RMS  Level  =  110  mv  max. 


LBE  CF  HBE 


Horizontal:  5  sec/cm  Vertical:  2.  5%FBW/cm 

Channels  deviated  at  one-tenth  nominal  cutoff  frequency  or  5  cpe, 
whichever  is  larger. 


FIGURE  n-3.  3»72 

INTERMODULATION  TEST:  COMBINATIONAL  BANDWIDTH  BiCULTIPLEX 
SEARCH  CHANNEL  DR  =  2;  CBW  CHANNELS  19, 20,  and  21 
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Horizontal:  5  sec /cm 


Channel  11,  7.  35  kc  ±1.  5% 
DR  =  5 

RMS  Level  =  9. 4  n»v  max. 
Vertical  =  0.  5%  FEW /cm 


Channel  12,  10.  5  kc  ±7.  5% 
DR  =  5 

RMS  Level  =  7.  0  mv  max. 
Vertical  =  0.  5%  FEW /cm 


Channel  1,  16.  0  kc  ±2  kc 
DR  »  2 

PMS  Level  =155  mv  max. 
Vertical  =  2.  5%  FEW /cm 


Vertical:  as  specified 


FIGURE  n-3.  3-73 

INTERMODULATION  TEST:  INSERTION  OF  10.  5  KC  ±7.  5%, 

PEW  CHANNEL  12,  INTO  COMEINATIONAL  BANDWIDTH  MULTIPLEX; 
PEW  CHANNELS  11  and  12  and  CEW  CHANNEL  1 
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3.  4  SYSTEM  SIGNAL-TO-NOISE  TEST 


3.4.1  General 

The  system  signal -to-noise  test  consists  of  selecting  particular  receiver  IF 
Carrie r-to-noise  ratios  and  determining  the  subcarrier  discriminator  output 
signal-to-noise  ratio.  The  test  is  accomplished  with  the  pre-emphasis  anri 
transmitter  deviation  selected  in  the  respective  system  test.  The  IF  signal- 
to-noise  level  is  determined  by  monitoring  the  IF  at  the  predetection  recording 
output.  With  an  unmodulated  rf  carrier  input  and  the  AGC  externally  held  con¬ 
stant,  the  IF  signal  level  is  measured  and  then  the  noise  is  measured  with  the 
input  carrier  signal  turned  off. 

During  the  initial  system  test,  it  was  found  that  the  IF  output  noise  was  a  func¬ 
tion  of  input  signal  level  with  the  AGC  voltage  externally  held  at  a  constant  value. 
Through  the  experiment  it  was  determined  that  the  IF  amplifiers  tended  to  saturate 
on  large  input  signals  thus  suppressing  the  noise.  The  level  that  significant  sat¬ 
uration  took  place  was  found  to  depend  on  the  AGC  voltage.  With  an  AGC  level  ~ 
of  —4  volts,  saturation  was  found  to  occur  with  IF  output  signal  levels  in  excess 
of  —17  dbm  into  600  ohms  or  110  mv  rms.  The  manufacturer^  specification  on 
tho  predetection  output  level  is  l.Ov  p-p  or  350  mv  rms.  Thus,  some  saturation 
occurs  at  the  specified  level.  In  any  event  the  maximum  IF  output  signal  should 
not  exceed  —17  dbm. 

To  obtain  the  desireu  JF  signal-to-noise  ratio,  the  noise  is  held  constant  and  the 
input  signal  level  adjusted.  The  test  is  made  at  IF  signal-to-noise  ratios  of  4, 

9,  and  14  db.  For  the  low  signal-to-noise  cases,  the  measurement  of  signal  is 
difficult  with  an  rms  meter  since  both  signal  and  noise  are  measured,  i.  e. ,  the 
noise  cannot  be  turned  off.  To  provide  accurate  signal  measurements,  a  fre¬ 
quency  selective  voltmeter  is  used  to  measure  the  signal  level.  Since  the  band¬ 
width  of  the  frequency  selective  voltmeter  is  very  narrow  compared  to  the  IF 
bandwidth,  the  signal  level  can  be  measured  without  the  attendent  noise  back¬ 
ground.  For  reference  and  to  determine  if  saturation  is  occuring  in  the  IF,  the 
frequency  selective  voltmeter  is  tuned  to  4.9  me  and  the  noise  level  noted  with 
and  without  the  rf  carrier  on.  The  block  diagram  for  the  test  is  shown  in  Fig¬ 
ure  n-3. 4-1. 


3.  4.  2  Detailed  Procedure 

a.  Calibrate  all  VCOs. 

b.  Deviate  all  VCOs  to  FEW  at  f^,  where  f^  is  the  maximum  modulat¬ 
ing  frequency  for  the  particular  deviation  ratio. 

c.  Set  receiver  AGC  voltage  to  —4  volts  dc. 
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d.  Set  IF  signal-to-noise  ratio  to  4,  9,  and  14  db.  Check  S/N  with  both 
Sierra  frequency  selective  voltmeter  and  Fluke  rms  meter. 

e.  Determine  discriminator  input  signal-to-noise  ratio  by  measuring  the 
S/N  ratio  at  the  BPIF  output.  Measure  signal  with  the  search  channel  unmodu¬ 
lated.  Measure  the  noise  with  all  VCOs  except  the  search  channel  operating  in 
the  multiplex  and  deviating  FBW. 

£.  Measure  discriminator  output  noise  with  the  search  channel  at  cen-? 
ter  frequency  and  low  bandedge. 

g.  Modulate  the  search  channel  FBW  atjfj^^  and  null  output  with  compari¬ 
son  signal.  Measure  rms  level  of  null  voltage.  Also  measure  full  scale  modu¬ 
lating  signal  at  nulling  point. 

h.  With  only  the  search  channel  in  the  multiplex,  repeat  f.  and  g. ,  above. 

3.4.3  Results 

Detailed  conditions  and  actual  measured  data  are  contained  in  this  volume  in 
tables  beginning  with  II.  Summarizations  of  the  data  are  contained  in  Volume  I 
and  have  table  or  figure  numbers  beginning  with  I. 


3,4.  3.  i  IRIG  Baseband 


The  IRIG  baseband,  channels  1  through  18,  was  evaluated  for  signal-to-noise 
performance  under  the  following  conditions: 


Test  channels:  70  kc  ±7.  5%;  3  kc  ±7.  5% 

Multiplex  level:  1.0  volt  rms 
AGC  voltage:  —4  volts  dc 
Deviation  ratio:  5 

LPOF;  Constant  amplitude,  18  db/octave,  nominal  cutoff  fre¬ 
quency  for  DR  =  5 

The  results  of  the  signal-to-noise  test  are  shown  in  Table  U-3,4-Z  and  sum¬ 
marized  in  Table  1-3.  5-2,  Volume  I.  For  each  IF  signal-to-noise  ratio,  the 
search-channel  output  noise  is  measured  for  two  multiplex  conditions  and  three 
deviation  conditions.  The  two  multiplex  conditions  are  full  multiplex  and 
search  channels  only.  The  latter  condition  eliminates  intermodulation  noise. 
The  three  cases  of  search  channel  deviation  include:  center  frequency,  low 
bandedge,  and  FBW  modulation  at  the  maximum  channel  rate  for  the  particular 
deviation  ratio. 
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3.4.  3.2  IRIG  Baseband-'Wideband  Channel 

The  IRIG  baseband  with  a  wideband  (*15%)  channel  in  the  highest  frequency  posi¬ 
tion  was  evaluated  under  the  following  conditions: 

Test  channels:  70  kc  *15%;  3  kc  *7.5% 

Multiplex  level:  1.0  volt  rms 

AGC  voltage:  —4  volts  dc 

Deviation  ratio:  5 

LPOF:  Constant  amplitude,  IS  db/octave,  nominal  f^  for  DR  =  5 

The  results  are  shown  in  Table  II-3.  4-3  and  summarized  in  Volume  I,  Table 
1-3.  5-3.  Pages  4  and  5  of  Table  11-3.  4-3  are  data  that  was  taken  at  a  later 
date  for  recheck  and  additional  data. 


3.  4.  3.  3  IRIG  Baseband--Deviation  Ratio  of  1  and  2 

The  IRIG  baseband,  channels  1  through  18,  were  operated  at  deviation  ratios  of 
1  and  2  and  the  signal-to-noise  performance  de.ermined  under  the  following  con¬ 
ditions; 


Test  channels:  70.  0  kc  *7.  5%;  22.  0  kc  *7.  5%;  7.  35  kc  *7,  5%; 

3.  0  kc  *7.  5%;  960  cps  *7.  5% 

Multiplex  level:  1.0  volt  rms 

Deviation  ratio:  1  or  2 

AGC:  —4  volts  dc 

LPOF:  Constant  amplitude,  nominal  cutoff  frequency  for  the 
particular  deviation  ratio  for  DR  =  1,  18  db/octave. 

The  results  for  DR  =  1  arc  shown  in  Table  U-3.  4-4  and  the  results  for  OR  =  2 
are  shown  in  Table  11-3.4-5.  The  results  for  both  deviation  ratios  &re  summar¬ 
ized  in  Table  1-3.  5-4  of  Volume  1, 


3.  4.  3.  4  Expanded  Proportional-Bandwidth  Baseband 

The  expanded  baseband,  channels  1  through  21,  was  evaluated  for  signal-to- 
noise  performance  under  the  following  conditions: 
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Test  channels:  165  kc  ±7.  5%;  124  kc  ±7.  5%;  93  kc  ±7.  5%; 

70  kc  *7.  5%:  3  kc  ±7.  5% 

Multiplex  level:  750  mv  rms 

Deviation  ratio:  5 

AGC  voltage:  -4  volts  dc 

LPOF:  Constant  amplitude  18  db/octave,  nominal  cutoff  fre¬ 
quency  for  DR  =  5 

The  results  of  the  signal-to-noise  tes>c  are  shown  in  Table  II-3.  4-6.  The  results 
are  summarized  in  Table  1-3.  5-5.  Page  5  of  Table  II-3.  4-6  was  additicnal  data 
taken  for  rccheck  and  verification  at  a  later  date  than  the  original  data. 


3.4.  3.5  Expanded  Proportional-Bandwidth  Ba8eband--Wideband  Channel 

The  expanded  baseband,  channels  1  through  19  and  wideband  channel  H,  was 
evaluated  for  signal-to-noise  performance  under  the  following  conditions: 

Test  channels:  165  kc  ±15%;  93  kc  ±7.  5%;  70  kc  ±7.  5%; 

3  kc  ±7.  5% 

Multiplex  level:  630  mv  rms 

Deviation  ratio:  5 

AGC  voltage:  —4  volts  dc 

LPOF:  Constant  amplitude,  18  db/octave,  nominal  cutoff 
frequency  for  DR.  =  5 

The  results  are  shown  in  Table  II-3.  4-7  and  summarized  in  Table  1-3.  5-6. 
The  data  shown  on  page  5  of  Table  11-3.4-7  was  taken  at  a  later  date  for  re¬ 
check  and  for  additional  data. 


3.  4.  3.  6  Constant -Bandwidth  Baseband 

The  constant-bandwidth  baseband,  channels  1  through  21,  was  evaluated  under 
the  following  conditions: 

Test  channels:  56  kc  ±2  kc;  88  kc  ±2  kc;  120  kc  ±2  kc;  160  kc  ±2  kc 
Multiplex  level:  360  mv  rms 
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Deviation  ratio:  2,  also  4  and  1  on  the  120  kc  kc  channel  only 
AGC  voltage:  —4  volts  dc 

LPOF:  Constant  amplitude,  42  db/octave,  nominal  cutoff  fre¬ 
quency  for  specified  deviation  ratio. 

The  results  are  shown  in  Table  11-3.4-8  and  summarized  in  Tables  1-3.  5-8  and 
1-3.  5-9. 


3.  4.  3.  7  Combinational -Bandwidth  Baseband 

The  combinational-bandwidth  baseband,  IRIG  channels  1  through  11  and  constant 
bandwidth  channels  1  through  21,  was  evaluated  under  the  following  conditions: 

Test  channels:  3  kc  ±7,  5%;  56  kc  ±2  kc;  88  kc  ^2  kc;  120  kc  ^2  kc; 

160  kc  ^2  kc 

Multiplex  level:  Total:  635  mv  rms;  IRIG  channels;  210  mv  rms, 
and  CBW  channels;  600  mv  rms. 

Deviation  ratio:  2  on  the  constant-bandwidth  channels  and  5  on 
the  IRIG  channels 

AGC  voltage:  ->4  volts  dc 

LPOF:  Constant  amplitude.  42  db/octave  for  CBW  channels  and 
18  db/octave  for  IRIG  channels,  nominal  cutoff  frequency  for  spe¬ 
cified  deviation  ratio. 

The  results  are  shown  In  Table  II-3.  5-10  and  summarized  in  Table  1-3.  5-11. 


-210- 


multiplex 


0  Q. 

a  h- 
-1  D 
0 

( 

cr 

0 

q:  I- 
UJ  <  < 

-  2  0 

tti - 

m 

Q 

K 

Ct  2  CVJ 

U.  3 

<- 

—  Q_ 

0  CE  q: 

a  1- 

m  0  2 

CD  3 

3  to  UJ 

to  — 

0 

cc  u 

(n  Lj  ic:  < 

s:  H  3  o 

q:  uj  — 
Z  L-ON 


I  UJ 

CK  cn  < 
>  2:  ce  irv 
o  Lu  <  ir> 

o:  2  -1-^ 
o-- 


c: 

UJ  < 

UJ  M  cc  < 
>  >-  (X.CO 
<  -i  UJ  ir\ 

2  (O 

< 


X  • 

0  2  O 

>-  Ij  >  I 

r; »-  <0 

IS  H-  y:  m 
tn  < 


Q  — 

<  vjo 

O  _J  — 
-J  q:  I 
< 


2:  <fij 
X  u  2: 
^  u. 


FIGURK  11-3.4-1 

SIGNAL-TO-NOISE  TEST  BLOCK  DIAGRAM 


TABLE  n-3.4~2 
SIGNAL-TO-NOISE  TEST  DATA 

System  Description;  J  !?  /  S A,  P^-'V 

IF  Signsl«To>N6iso  lUitio;  ^  rl  Reeeivsr  AGC  Voltuget  ^ 

Discriminator  Full  Scale  Output;  O.  /  f  hs  ny  f 

Sierra;  Signal;^  -ag.b-jV»  —  Fluke;  Signal  ♦  Noise; 

Noise;  "•  ST'H.  S*  c^\a _  Noise;  —  3^«  S «lk _ 

Discriminator  Channel:  ^/2,  70  KC _ 

BPIF;  Signal: _ tr.  Noise;  —  /  ?.  C(%  Jh 

Full  Scale  Modulation  At  Summing  Point:  Q,  .V  y 

Output  Noise: 

Full  Multiplex*  CF;  hnt^ 

LBE:  /,  7  V _ 

Modulated  *.,  _ _ _ 

Search  Channel  Only; 


LB  c.-  /.76’  r _ 

Mod'j  Valecl;^  _ _ 

,  ^ 

BPIF;  Signa!;_  Noise;  •“  Jb  _ 

Full  Scale  Modulation  At  Summing  Point;  ^  .  V  V 

Output  Noise; 

Full  Multiplex:  CF:_  /.»■» _ 

LBE;  _ 

Modulated;  ^  {K 
Search  Channel  Only: 

CF:__Liy _ 

LBE;  V  _ 

Modulate^li^  /•Vk _ 


Discriminator  Channel;  3  % 


/  of  S 


NkoM 


TABLE  n-3.  4-2  (CONT*D. )  . 

SIGNAL- TO- NOISE  TEST  DATA 

SyaUm  De»criptmn;  c/at->r  J  /S  /^/G  — 

IF  Slgnal-To-Noiio  Ratio;  ^  ci k  Racaivar  ACC  Voltage:^ 

Oiacrimihator  Full  Scale  Output;  /  V.  y y  J  ^  ^  0\)xm  «  QI^m  I  af  ^-2)1 

Sierra;  SiKoal:  Fluke;  Signal  ^  Noiae;  “  S^,  QcjJL 

Noiae:  _ _  Noiae;  _ 

Discriminator  Channel:’  *>8 ,  7^/yc _ 


itr:  -  /7>  Oii 


1’.P1F:  Signal  -V.  4  _  No 

Full  Scale  Modulation  At  Summing  Point;  \irmx 

Output  Noise: 

Full  Multiplex:  CF:  /  VVety  _ _ 


-/7,SJi 


MUyjux. 


Modulated:^  Cm.^A 


Sea  ret i  Channel  Onlv; 

•  /  3  D  /*U  Y-e  \ 
2SQin\Jn* 


-feJiefr- 


iulated:^  ^ 

itam  k. 

Discriminator  Channel;^^  ^  ^.0  KC,  4» 


BPIF:  Signal:_>2.^J>^;j^  ._..  Noise: 


-33.0 


h'ull  Scale  Modulation  At  Summing  Point: 
Output  Noise: 

Full  Multiplex:  CF:  % 


LBE;  /  3^  Jrm.^ 


Modulated; 

Search  Channel  Only:  Ttu,// 

CF; 

rwitA..-.. _ _ - . . .  • 

LBE:  ^  ^<)awi;viw5 _ 


Modulated; 


! 


Date.  y-V-^a^* 


H  af 
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TABLE  U-3.4-2  (CONT'D.) 
SIC NAL-TO- NOISE  TEST  DATA 


System  Description;  / 

IF  SIgnel-To- Noise  Ratio;  //, 
Discriminator  Full  Scale  Output; 

Sierra;  Signal:  SSI D  c/A _ 

Noise;  -- V3  dh 
Discriminator  Channel:*/^ ^  .  VO  KC 


Receiver  ACC  Voltage;^ 

Fluke:  Signal  *  Noise; 

Noise;  “  3 Lt 


BPIF;  Signal;  dh  Noise;_j- 

Full  Scale  Modulation  At  Summing  Point:_ 
Output  Noise; 

Full  Multiplex:  CF;  ^ 

LBE; 

Modulated;  ^"*5 


Search  Channel  Only; 


LBE; 


Modulated: 


Discriminator  Channel: 


BPIF:  Signal  Noise: 

Fuil  Scale  Modulation  At  Summing  P®*****._^l^ 
Output  Noise; 

Full  Multiplex;  CF : 

Modulated;^ 

Search  Channel  Only: 


LBS;  JtC 
Modulate4t 


Date 


TABLE  U-3.4-2  (CONT'D.) 

SIGNAL-TO- NOISE  TEST  DATA 

System  Descriptiont  /?  y/?/6  ^ 

IF  Signal -To- Noiee  Ratio;  ^  dh _  Receiver  ACC  Voltagei  u  Jc 

Discriminator  Full  Scale  Output;  HI 

Sierra:  Signal:  (j/j? _ _  Fluke;  Signal  ♦  Noise:  },7  Jk  i 

Noise:  Noise:  ~ 

Discriminator  Ch.innrl;  *>g,70  HC _ _ _ 

BPIF:  SianaP  —  3*  /  Noiac:  —  ^  ^ ^  ~3d.ijL 

Full  Scale  Modulation  At  Summing  Point;^  a?- Vi/  r  nn  t ,  ,  . . . 

Output  Noise: 

Full  Multiplex:  ^F 

J  YmJ _ I _ 

LB  E;  V.5  >»1  t 
Modulated: 

Search  Channel  Only: 

CF:_ 

litni _ 

LBE;  3^>vyjV»MS _ 

Modulated: 

Discriminator  Channel:  ^  JcC. 

BPIF:  Signal:  ^  Noise:  -  V/ 

Full  Scale  Modulation  At  Summing  Point:  S,  V L>f»Tt _ 

Output  Noise: 

Full  Multiplex:  CF:  _jiZ/  /?2y.irta.i _ 

LBEt  _ _ 

Modulated:  2 1  yn  L/-v»M»t  i 
Search  Channel  Only; 

CF;  ll  - 

LBE; 

Modulatedl  2t.  6*  K>f  J  v  t 
Date  J~  Nam»  i*)i  ajO 


cf  ^ 
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TABLE  U-3.4-2  (CONT'D.) 
SIC NAL-TO- NOISE  TEST  DATA 


rat«m  Dc«criptiont  S/a.  w  da 
SignaloTo-Noiae  Ratio; 
iacriminator  Full  Scale  Output 
erra;  Signal; 

Noise;  »  iT^.aJk 
iecriminator  Channel:  */  X  . 


Racaivar  ACC  Voltage:  — 


BPIF:  Signal _  Noi.c:__* 

Full  Scale  Modulation  At  Summing  Point: 
Output  Noisa: 

Full  Multiplax:  CF ;  ^  (p 

LBE: 

Modulated:  /  Ca 
Search  Channel  Onlv  ; 


Fluke;  Signal  t  Nolae: 

Noiaa;  O. 

Noise:  -  D.^.J  tJA 


LBE;  2/  mO’^rnt 


Modulated: 


scriminator  Channel: 


BPIF:  Signal;  3  dh  Noise;  —  < 

Full  Scale  Modulation  At  Summing  Point: 
Output  Noise; 

Full  Multiplax:  CF; 

LBE; 

Modulated;  St  m 
Search  Channel  Only: 


LBE;  3,^, 
Modulated: 


TABLE  II-3.  4-3 
SK;NAL-T0- NOISE  TEST  DATA 


System  Dt  scriptionr 
IF  Signal- To-Noisf  Ratio:  ^  d 
nine r itiiiii.^f or  Full  St  ale  Output: 
Sierra:  Su-nal: 


Receiver  A(iC  Voltage:  ~ 


Fluke:  Sicnal  ♦  Nf>iae:  ^  (o  ,  ^  i 


N<  ' .  se: 


.Wuse:  — 


Di )»r  r  im ifialor  Chaiuo-I;  JL 
I'.l’lF:  SiLc.al:  — 


t  /iT^A 


Noise:  -J3. 


1-  ull  Scale  Motiulati'in  At  Summing  Point:  3  »  ^  V  ■ 

f 

Output  Noise; 

Full  Multiplex:  01  : 

LHE:  6f 

Modulated:  70d  \J  V 

Search  riiannel  Onl.: 


H't::  f^cXDym/Yy^i 

Moflulatetl:  ^Q. 

Discriminator  Channel;  /^C _ ^  _ 

BPIK;  Signal  •  4  Jk  _  Noise:  yvy  m.  -29x0dJl. 

lull  Scale  Modulatinn  At  S  urmninu  Point;  3»(o\)  rm ! 
(Output  Noise; 

Full  Multiplex:  CF:_  O  _ 

LBE;  _ 

Modulated :  j?>  y  v/vw-st 
S«‘arch  Channel  Only: 

O  _ 


"/ic3  Sef  ^0^ 

fO  ~f ^€'*9  ■iu'*' t  yeco'vJeJ 

u  /  -  fy  C  Modu 

)ulue%  a  VC  (j). 

iC'/^cxl  uctfuLt:  >recxj 


Modulated:  /. 


y  isaC 


-  / 


Nam*  CaJ 


TABLE  U-3.4-3  (CONT'D.  ) 
SIGNAL -TO- NOISE  TESI  DATA 


Item  Dfst  ription: 


Signal -lo- Nois«:  Ratio:  ^  (ah _  Receivwr  AtiC  Voltage;  *■» * 

ic r itninat  tr  Full  S*aU  Output:  /OoPP _ ^ _ 

rra:  Signal:  -  _  Fluke:  Signal  f  Noiae* 

Noise: 

icnininator  Channel:  70  HC  T/SVc. _ 

rPIF:  Sitnal:  -t  0.^  rik  _  __  None-:  ,vy/vt  -31. /Ji  U 

Full  Scale  Modulation  At  Summing  Point: 

Output  Nois«:: 

Full  Multiplex:  CF:_  ^  ^  yy\^ 

^  _  LBE: 3,*7j^>1t/yirtil _ _ 

Modulated:  fTA  t _ 

Search  Channel  Onl.*; 

c-t :  »»T 

K;  _ 

Modulated:  ^i/e»*»t  ^ 

crirninatur  Channel:  5.0  He  t  7.  _ 


NfMse:  “ 


Noise; 


crirninatur  Channel:  ] 
HPIF;  Signal: 


F'uil  Scaic  Modulation  At  Summing  Point: 
Output  Noise: 

Full  Multiplex:  CF:  -±L 

l-nE: 

Modulated:  _ 6 

Search  Channel  Only: 

*>3;?  Set^  Xo-r 

0^0  -r;ieyc)iv«  LRE: 

car<iea  UO.  /  U.e  S  t  Modulated;  ^  ^ 
>  acV»a.«.  f  U4./*s.C 

a.J  ovn  -Melfcy*. 


2  o 


D^te 
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Nam* 


TABLE  II-3.  4-3  (CONT'D. ) 
•sir.NAL.  !o- noise  TF.sr  data 


A 


SvBtvm  Dfsi  r ; : . 1 1  r> n :  ChoL*^y^e./*^  /7«a.ry0t0  - 

II’*  Si^nitl-  I'»-Nms'*  .Ltdidk _  Heron  i'r  A<  >C' 

Oiac/iminAt'ir  >  ull  St  .«l*’  Otitptit:  y /")  u  _ . 


Sierra:  Stunal*  /  3.  y  Jk  Flu*'-:  Signal  +  Nnjse: 

Noige:  -  0  Jh _ Noise:  -  3^.  ^ _  o/ L _ 

Disf  r  irninaior  Chaur.fl'  /f  70  He.  t  Jt;*/, _ 

I'.l'l?  ^  Simul:  I*-  Q,  _  N'o  1 8 e :  MM  —  2k^2k-  Uimm 

I  nil  St  a  If  Mixlnlation  Af  S.ijirninji  Point:  tJ  y  ^  _ 

Cvilp  it  Nuist:: 

Full  Multiplex:  CF: _ j  j, _  ' 


Mo'hilati'd;  3  9  wto 

Sfarrh  Chaunfl  OnlkT 

O  I  7.0  YVt  li  V  t 


/  (o « y  /v>  i/ 


^jolx. 


Mothilatod:  3  ^ 


/aj.U!lSSJL 


Discr  iniinator  C  haniif ! :  3.0  he 


lil'IF*  Signal :  -  J2  3.0  d  h _  Nois«v  A^A;  VaP«  ^c/j  hCMnT  ^  9f  Ci'  i 

I  nil  Stale  Motiulafion  At  S'lniming  Poir 
C'Utpnl  Noise: 

Full  Multiplex:  CF:  '~J ,  t) 


LBE:  V  >»»i  % 


Modulated :  ^  fl  i/yiv.t  ^ 

Search  C  hannel  C^nlv: 


Se'f 


I  ^  yyfj  irt»vt  ^ 


I-  P  f  Q  >*Vt  \J  y  ewt  t 

/OT-tr.t-  M„„,i.,..d.  ,  I  » 

^t>Yt  'TtcovdeJ  oa/ue^ 

Cc  Y  C  J)  ()  ^  a  C-  ■/•**-  A.  / 

Vecce/  OYi  r>?c 


5  c 


Date  /*'/  3* 
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N*me  6J« 


TABLE  II-3.4-3  (CONT'D. ) 
SIGNAL- rO- NOISE  TEST  DATA 


Syatem  Deacnption: 

IF  Signal-to-Noiso  Kat»o_^ 


AGC  Voltage 


Channel  No.  ^  Channel  I  requcncy  ^  )c  =  '^Vc/6 

DPIF:  Signal  JL  Noise*  Full  Mult.  *2L.UJi  Searih  Ch.  Only 

Deviation  Ratio . .  _  .1 _ 

LPOF  Cutoff  Frequency . .  O  «.  v < 

Full  Bandwidth  Voltage . .  -h  cJla _ 

Output  Noise:  F  ull  Multiplex .  /  o  •  0  vaa <  -  Sd^ _ 

Search  Channel  Only  .  .  -  ■  t  i _ -33.  ^ 

Channel  No.  ^ _  Channel  F'rcqucncy_  7/7  ^  (  i  /S  */s  (^A^)c  »  / 

BPIF':  Signal  XQ,  I  Jl  Noise:  F*ull  Mult.  e/JfScan  U  (  h.  Only  ~J*/ 

Deviation  Ratio . .  _  .. 

LPOF*  Cutoff  F' requent  y .  .^f^Oc.p%  Cwf 

Full  Bandwidth  Voltage . 

Output  Noise:  Full  Multiplex . .  _ *  2i  0 .  >  ^ _ 

.Searrli  Chann«*l  Only  .  .  ,  .  P  /  c^b  _ 


/3.  Vq/^ 
-  8dl 
-33. 


Channel  No.  ^ _  Channel  Frequency 

nPIF  :  Signal  .0.^  di,  Noise:  Full  .Mult. -  ^  j 

Deviation  Ratio . .  . 

LPOF'  Cutoff  F're<|ueiuy . . 

Full  Bandwidth  Voltage . . 

Output  Noise:  Full  Multiplex . . : 

.Search  Channel  Only  .  .  .  .  . 


_ (^Search  Ch.  Cnly-jgJ.  f 


3  "bfn  </ v-«  > 


*  dh 

-sTrTTk 


Channel  No.  ^  Channel  Frequency  ^ dtrct/y% _ ( )c.  ~  _ 

BPIF:  Signal  Noise:  Full  Mull.  . Ch.  Onlv-/9.  /"  'c)k 

Deviation  Ratio . .  _  . _ 

LPOF  CuK.ff  Frequency . ^/OO  t.y,S,  CtP  { 

Full  Pandwi<lth  Voltage  . . .  /  0  \J  P  P _  *  fi**/  cl  ^ 

Output  Noise:  Full  Multiplex . .  »*i  j y  ik  c _  -  2  3  .  */  e/^ 

Search  Channel  Only  .  .  .  .  .6'  •*\  \J  ^ ««« t  -  2  ^  .  ^Jk 

Channel  No.  ^  Channel  I'requency  ^OhC  -  “^clh 

BPIF:  Signal  »  3.  /  Al  Noise:  Full  Mult.  - /  V.  ^  A  ^ Search  C~h.  Qnly-/6~>  L  rH 

Deviation  Ratio . .  jj)**  «  _ _ 

LPOF  Cutoff  Frequency . <*^1 

Full  Bandwidth  Voltage . •/OOph  _ 

Output  Noise:  Full  Multiplex . .  / 7  J k _ 

Search  Channel  Only  .  .  .  ♦  I _ _ 


;/  3" 
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Name 


i/sA#i3  Date 


TABLE  11-3.4-3  (CONT’D. ) 
SIGNAL-TO- NOISE  TEST  DATA 


System  Description:  awrwtf  A  !-  (  ie 


IF  Signal-to-Noise  Ratio  ^  A  k- 


<x  v  r  >•>) 


AGC  Voltage  “  V-  O  U  j  e. 


Channel  No. 


Channel  Frequency  70  "t /S^^o 


BPIF:  Signal  Noise:  Full  Mult.  “1^,3  tiA  Search  Ch.  Only  ~  ^  ■  S*  </A 

Deviation  Ratio . . . . 


LPOF  Cutoff  Frequency .  ^  H  tj  c.  p  Z 


Full  Bandwidth  VoUage  .  . . .  /  /9  J  p p’ 

Output  Noise;  Full  Multiplex.  .....  .  ^30  uv»<t 

Search  Channel  Only  ,  .  .  .  V  O  0r^>^ 


~P'*i  dit, 


Channel  No. 


Channel  Frequency 
Noise:  Full  Mult. 


BPIF:  Signal _ 

Deviation  Ratio . . 

LPOF  Cutoff  F requency  .  .  .  .  .  . 

Full  Bandwidth  VoUage . 

Output  Noise:  Full  Multiplex.  .  .  . 

Search  Channel  Only  . 


Search  Ch.  Only 


Channel  No. _ 

BPIF:  Signal 


Channel  F requency 
Noise:  Full  Mult. 


Deviation  Ratio . 

LPOF  Cutoff  Frequency  ...... 

Full  Bandwidth  VoUage  ...... 

Output  Noise:  Full  Multiplex.  .  .  ^ 
Search  Channel  Only  . 


Search  Ch.  Only 


Channel  No. _ Channel  F requency 

.BPIF:  Signal  Noise:  Full  Mult. 

Deviation  Ratio . 

LPOF  Cutoff  Frequency . . 

Full  Bandwidth  Voltage  .  .  .  .  .  ,  .  .  . 

Output  Noise:  Full  Multiplex . 

Search  Channel  Only  .... 

Channel  No.  Channel  F requency 

BPIF:  Signal _ Noise:  FullMult.__ 

Deviation  Ratio . . 

LPOF  Cutoff  Frequency . 

Full  Bandwidth  Voltage  ......... 

Output  Noise:  Full  Multiplex . 

Search  Channel  Only  ,  .  ,  , 


Search  Ch.  Only 


Search  Ch.  Only 
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//J’  1^  Date  ^  ^ 


Name 


TABLE  3.4-4 
SIGNAL-TO- NOISE  TEST  DATA 


System  Description; 

IF  Slgnal-to-Noise  Ratio 


\  \-yz 

■^C  Voltage 


Channel  No.  Channel  F requency  y^Mc.  ^  7,  S  ^ 

BPIF;  Signal  Noise:  Full  Mult.  -/T.T^h  Search  Ch.  Only  -/V.  7>/ie 

Deviation  Ratio . .  / 

LPOF  Cutoff  Frequency . .  S 2 _ 

Full  Bandwidth  Voltage . . 

Output:  Noise:  Full  Multiplex . .  mri</  _ 

Search  Channel  Only  .  .  .  .  y 

Channel  No.  _ Channel  F requency  _ 

BPIF:  Signal  Noise:  Full  Mult.-/7/^c//-;  Search  Ch.  Only-/y.X:^ 

Deviation  Ratio . .  /  _ ■  ' 

LPOF  Cutoff  Frequency  ........  . 

Full  Bandwidth  Voltage . 

Output  Noise:  Full  Multiplex.-  .....  . 

Search  Channel  Only  .  .  .  ♦ 


Channel  F requency  ^  7>  _ 

Noise:  Full  Mult.  S‘(^h  Search  Ch.  Only  -- 


Channel  No.  // _  Channel  F requency  yj  ob 

BPIF;  Signal  Noise:  Full  Mult.  S't^^  Se 

Deviation  Ratio . .  / 

LPOF  Cutoff  Frequency  . .  fTS / 

Full  Bandwidth  Voltage  ........  . 

Output  Noise:  Full  Multiplex . .*  ly 

Search  Channel  Only  .  .  .  .  ✓ 


Thannel  No.  ^  Channel  Frequency  TAfg  -2^  '7*S'^^ 

BPIF:  Signal  Noise;  Full  Mult.-:?^.  S'eiL  Search  Ch.  Only-; 

Deviation  Ratio . .  .  / 

LPOF  Cutoff  Frequency . .  .  '^"2  CkJ< 

Full  Bandwidth  Voltage  ........  . 

Output  Noise:  Full  Multiplex.  .....  .  yfii/ 

Search  Channel  Only  .  .  . 

'hannel  No.  ^  ■  Channel  Frequency  ^  ^ 

BPIF;  Signal  Noise;  Full  Malt.-7AS'^b  Search  Ch. 

Deviation  Ratio . .  •/ 

LPOF  Cutoff  Frequency . .  .  yQcjoS 

Full  Bandwidth  VolUge . . 

Output  Noise:  Full  Multiplex.  .....  .  fmi/ 

Search  Channel  Only  ...  .  >w^' 


/ 


-222-  . 


Namp 


FIGURE  n-3.  4-4  CONT»D. ) 
SK,NAL-  lO- NOISE  1  EST  DATA 


•  Systt-m  Description: 


IF  Sij'nal-to- Noi so  Ratio 


Hdb  AC.C  Vol 


tane  —  *-).0\/cri 


Channel  No. 


13 


Channel  Frequency  ~ 


BPIF:  Si>£naJ  -V.SJb  Noise:  Full  Mult.  Search  Ch.  Only 

!3oviation  Ratio . .  .  /  _ ■ 

LPOF  Cutoff  f'roqu«-nt.  V  . . . 


Full  Bandwidth  Voltage  .  .  .  .  , 

-  Full  Multiplex . »  Hob 


Output  Noise:  r  ull  Multiplex . »  /itOD 

Search  Channel  Only  .  •  - 


Cliannel  No.  Channel  F  requency_  sake  t7.s-% _ 

BPIF:  Signal  -  Noise:  Full  Mull.  Search  <  '!i.  Onl\  - 


Di\  iation  Ratio . / 

LPOF  Cutoff  Frequency  ........  .  /^^SO 

Full  Bandwidth  Voltage . .  “ZIOS/ 

Output  Noise:  Full  Multiplex . ’3^00 


Sc  an  li  Ciiai.uel  Onl^  .  .  .  . 


Channel  No.  j  ) _  Channel  Frequency  7.i‘;k.-tzs-:z 

npiF:  S!Enal  N"is.-;  Full  Si'arch  rh.  Only  SS.^^ 

De\  lation  Rrtt:o . / 

LPOF  (  utoif  Frequt  ;.ey . .  ^ S'/  c'^S _ 

Full  F^andwidlh  oltage . .  ~ 

Output  Noise;  Full  Multiplex . i/  _ 

Search  Channel  Only  .  .  .  .  yyiy*  _ 

(.'hant'el  No.  _ ^ _ Ch  anru- 1  t  r<  qm  nc  y  7^c  ±7.s:i, _ _ 

BPIF:  .Sitinal  -JVX-  Mult.  Siarch  Ch.  Only 

Deviation  Ratio . .  .  .  /  _ 

LPOF  Cutoff  t  requt  :u  \ . .  c.t^S _ _ 

Full  Baridwiclth  Voltage  ...  * . >>> 

Output  Noise:  Full  Multiplex.  .....  . 

Si*arc  h  Channel  Only  .  .  .  .  1700  K>i\/ _ 


Channel  No. _ ^ 

rtPIF:  Signal  -zzgJt, 


De\  iation  Ratio 


Channel  Frequency 
Noise:  Full  Mult.  ~ 


t6i2-i/ss.AZ^ 

^  Fi  r*__ _ L  1 


Search  Ch. 


LPOF  Cutoff  Frequency . 

Full  Bandwidth  Voltag*' . 

Output  Noise:  Full  Multiplex.  .  .  . 

Search  Channel  Only  . 


♦  ■a.-Z.&o'  ky\\/ 

■  JHQO  FTX. 


Only-J^^ 


/ 


Hoi- 


-2J»3- 


FIGURE  II-3.4-4  (CONT'D.) 
SIGNAL- TO- NOISE  TEST  DATA 


System  Description;  I 
IF  Signal-to-Noisc  Ratio 


tbuj _ 

Ar.C  Voltage 


Channel  No.  //  Channel  Frequency_  -7a _ 

BPIF:  Signal  7  cJh  Noise:  Full  Mult.  Search  Ch.  Only 

Deviation  Ratio  . . .  / 

LPOF  Cutoff  Frequency . . 

Full  Bandwidth  Voltage . .  _ ____________ 

Output  Noise:  Full  Multiplex . • 

Search  Channel  Only  .  .  .  .  _ _ _ 


Channel  No.  Channel  Frequency  Uc  "V' S ^ _ 

I’.PIF:  Signal  -9./<Jb  Noise:  Full  Mult.  -r3.fr/b  Search  Ch.  Only 

Deviation  Ratio . .  f _ _ 

LPOF  Cutoff  Frequency  ........  . 

Full  Bandwidth  Voltage  .  .  ......  _ 

Output  Noise:  Full  Multiplex . 

Search  Channel  Only  .  .  . 

Channel  No._  —  Channel  Frequency  7«  ?b~Kc  17.5-^ 

BPIF:  Signal  —  M.SY/iz  Noise:  Full  Mult.  — a^Tsearch  Ch. 

Deviation  Ratio  . . _ _ 

LPOF  Cutoff  Frequency . .  ^ 

Full  Bandwidth  Voltage . . 

Output  Noise;  Full  Multiplex . •  _ 

Search  Channel  Only  .  .  .  ■  _ 


Search  Cb.  Or.lv—' 


Channel  No.  ^  Channel  F requency  7.r'% _ 

BPIF:  —Zi/ ,0<Jb  Noise:  Full  Mult.  Search  Cb.  Or.ly— 

Deviation  Ratio . . . .  / _ 

LPOF  Cutoff  F requency  ........  .  ^^5** _ 

Full  Bandwidth  Voltage  . . ♦  30V' yZ _ 

Output  Noise:  Full  Multiplex . .  lur  _ 

Search  Channel  Only  .  .  .  .  _ 

Channel  No.  _  Channel  F requency  —  7.  6  _ 

BPIF;  Signal  Noise:  Full  Mult.  Search  Ch.  Ouly' 

Deviation  Ratio . . . .  / 

LPOF  Cutoff  Frequency . .  ~7‘^ 

Full  Bandwidth  Voltage . » -tz 

Output  Noise:  Full  Multiplex.  .  .  ,  .  ,  . 

Search  Channel  Only  ...  »  im>/ _ _ _ 


^cf-  y 
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Name 


Date  /-%-/ 


FIGURE  U-3.  4-4  (CONT’D. ) 
SlfiNAL-  rO- NOISE  TEST  DATA 


Sy»tc>m  Dwscripticii:  CWviel  I -IS  _ _ 

IF  Si^nal-tu-No> St'  Raiio  I2Z2SIZIZIZ:  A(iC  VoU*j><* 

Channfl  No,  Channel  Frequency  ^  7.  S' ^ 


nniF:  Si|<n.l_::_a£j/^  no..:  FuII  Mult.-g  /ya'ASe.rOi  f  h.  Only  -  3^7^: 

Deviation  Ratio . / 

LPOK  CutoH  Fr.quyncv  ■'  fg  SJ  ^ 

h  till  Bandwidth  Voltage . -  — _ 


r  uii  naruwiain  voltage 

Output  Noise:  Full  Multiplex . . 

Search  Channel  Only  .  .  .  . 


jL 


C  l  ..mu'i  No.  /V _ Channel  Frequency  :?2  Me  ±  7.5^5^ 

:  Suinal  -  5-0/^  Noise:  Full  MultT^  Sc~a re  h  C  li.  0„lv- 

n*  •,  M'  ion  Rat  10 . 

l.FOl*'  f.ii’oit'  Frequent  y . 

H  ull  i^antiwidth  Voltage  . . 

Out|uit  Noise:  Full  Multiplex.  .... 

Start  h  Channel  Only  .  .  .  .  rn  ^ 


■  /jpS'O 


V p-jfi 


ChaMiiel  No. 


// 


Channel  F reqiiency  y.  35"  Me  7  ^ 


ni-n-;  S.gnal Noise:  Full  Mult. -4^^, />o/^  Search  Ch.  Only-sV, 
n  '\  lalior,  Rat  lo  . . . J  — - 

1  FOF  Cl. toll  Frequency  .,•.....  .  5* 5" /  c^<  ' 

I'lil!  I'>andwidth  \oltAgt  . . .  .  ,  V'a—D 

Output  Nt»;se;  Full  Multiplex . .*  ^  ~  ~~ 

St  arch  Channel  Onlv  ... 


Chanrel 


o. 


Z. 


Channel  Frequency 


3/^^  t 


BPiF;  Signal  Noise:  Full  MulU-y^^o^  St  arch  Ch.  Onlv 

Dr\  iat:on  Ratio . /  —tea - si 

LPOF  Cutoft  Fretjuencv  .  . .  S' 

h  ull  Bandwidth  \  oltage . 

Output  Noise:  Full  Multiplex . 

Search  Channel  Onlv  ,  .  . 


/1>CJ 

^x7n</ 


Channel  No. 


Channel  Frequency  fgj  ±7.S^ 

^'•i13  >vXi»  .s*  _ 1_  . 


BPIF:  Signal^^  Noise:  Full  Only-Z?;-:^ 

De\  lation  Ratio  .  . / 

LPOF  Cutoff  Frequency  . . .  72 ^ 

Full  Bandwidth  Voltagt*  « 


•  •  •  9 


*  *  *  *  »  it* 

Output  Noise:  Full  Multiplex . . 


Search  Channel  Only  .  .  .  . 


my 


y 
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N.m.  Date  ^5~ 


FIGURE  U-3.4-5 
SIGNAL- TO- NOISE  TEST  DATA 


% 


4 


System  Description:  ^  _ '  _ _ 

IF  Signal-to-Noise  Ratio  AGC  Voltage  — *^.oVcrc 

Channel  No.  Jp  Channel  Frequency  kc ^  7*  _ _ _ 

BPIF:  Signal  -^.3</fc  Noise:  Full  Mult.  -13-lJh  Search  Ch.  Only  -/y,  7jJf 
Deviation  Ratio  . . .  "2 

LPOF  Cutoff  Frequency . .  _ _ 

Full  Bandwidth  Voltage  . . • 

Output  Noise:  Full  Multiplex . . 

Search  Channel  Only  .  .  ,  . 

Channel  No.  Channel  Frequency  '^1?  _ _ . 

BPIF:  Signal  Noise;  Full  Mult.  Search  Ch.  OnVj 

Deviation  Ratio . . .  .^  .  ^  _ 

LPOF  Cutoff  F requency  ......  .  •  \t2Ii-S4ssi _  • _ 

Full  Bandwidth  Voltage . . 

Output  Noise:  Full  Multiplex . .  "3^00  ^ 

Search  Channel  Only  .  .  .  .  3^.^^ 

Channel  No. J  /  Channel  Frequency 

BPIF:  Slenai  5^/6  Noise:  Full  Mult.-3y.5Vfc  Search  Ch~  Only  -  gr?.<aVA 

Deviation  Ratio . .  ^ 

LPOF  Cutoff  Frequency . .  .  .  SI  7^ 

Full  Bandwidth  Voltage . . 

Output  Noise:  Full  Multiplex . . 

Search  Channel  Only  .  .  .  . 

Channel  No.  ^ _ Channel  F requency  “3 J<.C 

BPIF:  Signal  — ^3, Noise:  Full  Mult.— Search  Ch.  Orhf  S*Jiy 

Deviation  Ratio . .  C2. _ ^ _ 

LPOF  Cutoff  F  requency . .  //3 

Full  Bandwidth  Voltage . .  . 

Output  Noise:  Full  Multiplex . .  .  ly  • 

Search  Channel  Only  .  .  .  . 

Channel  No. _ _  Channel  Frequency  cjc7S 

BPIF:  Signal  -:>ZO<lh  Noise:  Full  Mult.  -y/SVA  Search  Ciu  Only  - 

Deviation  Ratio . .  .  _ _ 

LPOF  Cutoff  Frequency  ....’..  •  •  rJ^jcj2S _ 

Full  Bandwidth  Voltage  ..........  . 

Output  Noise:  Full  Multiplex. . »  ^U)a€9  ^ 

Search  Channel  Only  .  .  ,  .  »»»✓ 
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Vame  kf/?M//^DL-  Date 


FIGURE  II-3.  4-5  (CONT'D. ) 
SIGNAL-TO- NOISE  TEST  DATA 


System  Description: 

IF  Signal-to-Noise  Ratio  ^ c/h  *  AGC  Voltage  —  *^.0 


Channel  No.  fT  Channel  Frequency_ 

BPIF:  Signal  Noise:  Full  Mult. 

Deviation  Ratio . 

LPOF  Cutoff  Frequency .  . 

Full  Bandwidth  Voltage  .  . . 

Output  Noise:  Full  Multiplex . 

Search  Channel  Only  .  .  . 


Search  Ch. 

.  a _ 

♦  . . . . 


Only 


Channel  No.  /  V _ Channel  Frequency  ^2/«fc  ^  7/.5  '^ 

BPIF:  Signal  — /y,  Noise:  Full  Mult. Search  Ch.  Only 


Dev'iatioil  Ratio . .  _ 

LPOF  Cutoff  Frequency . .  ^2 i?  -yj  c 

Full  Bandwidth  Voltage . . 

Output  Noise:  Full  Multiplex . •  wK 


Search  Channel  Only  .  .  .  . 

Charnel  No.  // _  Channel  Frequency  '7.'2b  Mc  _ 

BPIF:  Signal  -If.SAh  Noise;  Full  Mult.-:?5:Sc^fc>  Search  Ch.  Only 


Deviation  Ratio . . .  2 

LPOF  Cutoff  Frequency . .  3  7/^  g 

Full  Bandwidth  Voltage . . 

Output  Noise:  Full  Multiplex . .  ,^3/^  yyt  ✓ 


Search  Channel  Only  .  .  .  ♦  Ay? 


Channel  No. _ ^  Channel  Frequency  _ _ 

BPIF;  Signal  Noise:  Full  Mult.  -^0,0  Jb  Search  Ch.  Only  - 


Deviation  Ratio . .  _ 

LPOF  Cutoff  F  requency  . .  J  c. 

Full  Bandwidth  Voltage . . 

Output  Noise:  Full  Multiplex . . 


Search  Channel  Only  .  .  .  . 


Channel  No. 


Channel' Frequency 


BPIF:  Signal  Noise;  Pull  Mult.  —  Search  Ch.  Qnly-^^, 

Deviation  Ratio  .  . . .  _2_ 


LPOF  Cutoff  Frequency . .  3^ 

^  .11  _ S _ _  ^  I  y  ^ 


Full  Bandwidth  Voltage 


Output  Noise:  Full  Multiplex.  ,  ,  .  .  ,  .  i lOO  »fi ✓ 
Search  Channel  Only  .  .  .  .  ~7^Q  ^ ✓ 


2cl-V 
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Namt  OL  Date 


FIGURE  n-3.  4-5  (CONT'D.) 

SI.  NAL- l  O- NOISE  1  LS T  DATA 


SysliitJ  De»c;  Tiptifu:  H.T.rVNf  I***  I  ^ 

IF  Sinnal-to-.\oi*«' 


TBIU  _ 

"^Ac  ;r  Vo  hag.- 


Channfl  No.  /  ^  Channel  f- requvney^ 

nPIF;  Signal  -3,7  Jib  Noise:  Full. Mult 

Doviat  ion  Kat . .  . 

LPOF  Ciitih't  Freqiu  ni  . . . 

Full  Bar'Jwjclth  Voltage . .  . 

Output  Noise:  Full  Multiplex . 

Search  Channel  Only  .  .  . 


yoKc  ^  7.^^ 

Search  I 


><*  V.  >»y!  / 


Oi  ly 


Cl'.Hnnel  No.  _ /jV _ Channel  Frequency_ 

i’.PIF:  Signal  N’ois*  ’  Full  Mull. 

Dt '.  idtiun  Ratio  .  . . . 

LPOF  Cutoff  Frc-<jueni  y . .  .  . 

Full  Banriwidlh  Voltage  .  .  .  .  .  .  .  . 

Output  Noise?  Full  Multiplex.  ..... 

Search  Chann*  1  Only  .  .  . 


1  7.  S% 

•zXUdc.  *.■.  '■  ‘ 
_ J _ 


cjfc'r; 


OnK 


Channel  No. _ J / _  Channel  Frequency _ 

nPIP':  Signal  Noise?  Full  Mult. 

D(<\  lation  Ratio . . . 

LPOF  Cutoff  Frequency . . 

Full  Bandv/idth  \  oltage . 

Ovitpi’t  .Noise:  Full  Multiplex,  .  .  .  .  . 

Search  Channel  Only  ... 


7.  ^5-  i 


1%  Search  Ch. 

r7 


♦ 


.ZJLZ 


7*2: 


Chantu-l  No. _  ^ _  Channel  Frequency _ _  iM.  t  7.  _ 

BPIF:  Signal  Noi»i‘:  Full  Mult.**  Starch  Ch.  Only  ’‘5^,0  tJh 

Deviation  Ratio . 

LPOF  Cutoff  Frequency  , 

Full  Bandwidth  Voltage  . 

Output  Noise:  Full  Multipl 

Search  Channel  Only  .  .  .  .  S^^rrt^ 


77TZ 


ex , 


Channel  No.  Channel  Frequency__ 

BPIF:  Signal  -*.3^;  Noise:  Full  Mult. 

De\  lation  Ratio . 

LPOF  Cutoff  Frequency . 

Full  Bandwidth  Voltage  ........ 

Output  Noise:  Full  Multiplex.  .  .  .  .  . 

Search  Channel  Only  ... 


Date 


5  f 


FIGUR2  II-3.  4-5  (CONT’D.  )• 
SlGNAL-TO-NOIsk  TEST  DATA 


System  Deicription;  ChcLVi  r\  el  I  “  JS  .  ’V'BU) _ 

iF  Signal-to-Noise  Ratio  I**)  jlo  AGC  Voltage 

Channel  Nc.  /  ^  Channel  F requency  "7 ^  Me  / 5  ^ 

DPIF;  Signal  Noi«e:  F ull  Mult.  -;?7  f  Jjj  Search  Ch.  Only 

Deviation  Ratio  ............  .  Q, 

LPOF  Cutoff  Frequency . »  • _ ■ 

Full  Bandwidth  Voltage  . . .  * 

Output  Noise:  Full  Multiplex . . 

Search  Channel  Only  .  .  .  .  /SO  _ 

Channel  No.  /V  Channel  Frequency  3^  kc  ^ 

DPIF:  Signal  '■‘  9,^  dh  Noise:  Full  Mult.  —  jTg. *1  db  Search  Ch.  Only 

Deviation  Ratio . 

LPOF  Cutoff  Frequency . .  g S  ^ 

Full  Bandwidth  Voltage . '» 

Output  Noise:  Full  Multiplex . .  * 

Search  Channel  Only  .  .  .  .  5D  _ _ _ 

Channel  No.  H  Channel  Frequency  /,  Me.  ^  7.  _ _ 

BPIF:  Signal  Noise:  Full  Mult.  Search  Ch.  Only  --  5~7, 

Deviation  Ratio . 

LPOF  Cutoff  Frequer\cy . .  cjos 

Full  Bandwidth  Voltage . .  .  . 

Output  Noise:  Full  Multiplex.  .....  .  S  ^ 

Search  Channel  Only  .  .  .  .  ^viy _ 

Channel  No. _ _  Channel  Frequency  <'kc.  ^  ^ 

BPIF;  Signal  -  20.  ^{j\o  Noise;  Full  MulL-Vv.^ty^  Search  Ch.  Only  ^  t^S.Qc/h 

Deviation  Ratio . .  2. 

LPOF  Cutoff  F requency . .  rrsK 

Full  Bandwidth  Voltage . . 

Output  Noise:  Full  Multiplex . 

Search  Channel  Only  .  .  .  .  _ 

Channel  No.  Channel  Frequency  ^(^0  r /.S  '/if 

BPIF;  Signal  Noise:  Full  Mult.  ^l^Search  Ch.  OrAs 

Deviation  Ratio . . 

LPOF  Cutoff  Frequency  ........  .  3  ^  c  L5S  ~ 

Full  Bandwidth  Voltage  ........  , 

Output  Noise:  Full  Multiplex.  .....  . 

Search  Channel  Only  .  .  ,  .  _ 


•f.-/ 
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FIGURE  U-3.  4-6 
SIGNAL-TO- NOISE  TEST  DATA 


Syftftn  Doscni.tion:  f  R  Ka  t'  7  3%  /^TfV^S'A’C  J 

IF  Si^nal-to-Nojsf  Hatio  •></  d  jy  \C',C  Voltage -■ 

Channel  No.  Ch.innoJ  F  rcqucncy  ^  0  ftc  rr.yy* _ _ 

DPIF:  Signal  Noise:  I  ull  Mult.  Search  Ch.  Only 

Deviation  Ratio . 

LPOF  Cutoff  Frequency  •  .  .  .  art  ~ 

Full  Bandwidth  Voltage . .  /  Q  Q  PP 

Output  Noise:  I- ull  Multiplex . •  7*7  00 

Search  Channel  Only  .  .  .  .  !  S.  QO  Wi  i/  <'»*»'* 


Channel  No.  /  ^ _  Channel  I-'roqtiency 

BPIF:  Signal  -  f  Q ,  Full  Mult.-  1 

Deviation  Ratio . 

LPOF  Cutoff  Frequeniy  ...... 

Full  Bandwidth  Voltage . 

Output  Noise;  Ful  I  Multiplex  .  .  .  . 

Seartli  Channel  Onl\  . 


S<  a  ri  h  Ch. 


Channel  No.  /  ^ _  ChantuT  Frequency 

nPlF:  Slr.nal  ~  (o'^A  L  Noise:  Full  Mult.—, 

Deviation  Ratio  .  .  _ . 

1  POF  Cutoff  Frequency . 

Full  Bandwidth  Voltage . 

Output  Noise:  Full  Mult.plex,  ,  . 

Search  Cl  annel  Only 


T  7  y% 

.Search  Ch.  On 


Channel  No.  p?  Q  Channel  Frequency 

BPIF:  Signal  Noise:  l  ull 

Deviation  Ratio . 

LPOF  Cutoff  !•  requency  ...... 

Full  Bandwidth  V'oltage . 

Output  Noise:  Full  Multiplex.  .  .  . 

Search  Channel  Only  . 


Kc  1 7. 1'  V, 


Noise:  l  ull  .Mult.  -* /  Q  ^  .Search  Ch.  Only  —  / 


Channel  No.^^  /  Channel  Frequency  / 

BPIT:  SiKn.l-.CTl  Noise:  Full  Mult. 

Deviation  Ratio . . . 

LPOF  Cutoff  Frequency  . . 

Full  Bandwidth  Voltage  . . 

Output  Noise:  Full  Multiplex.  L . 

Search  Channel  Only  .... 


tf  Arc  t  n. 

Search  Ch  Only  — 


/<:/  ^ 
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FIGURE  II-3.  4-6  (CONT'D. ) 
SIGNAL-TO- NOISE  TEST  DATA 


Syitem  D*»cription:__^_^ 
IF  Signal-to-Noiso  Hatio^ 


6  -Sg, ir. 

AC.C  Voltage  -  V. 


Channel  No.  Channel  1- requcncv  3.0  T  H 

DPIF;  Signal  /  Noiae:  Full  Mult.  Search  C'h. 

Deviation  Ratio  . . 

LPOF  Cutoff  I  requeni  >. . .  ^ ^  c-  P  S 

Full  Bandwidth  Voltage  . . / O  \J 

Output  Noise;  lull  Multiplex . .  fs  ^  vj 

•Search  Channel  Only  .  .  .  ^  /  »i  ti  i 


Channel  Frequetuy  7b  HC  t 


Channel  No.  )  ^ _  Channel  Fn-quetuy _ ^ 

DPIF:  Signal  -  Jf,  JZ^  Noise:  >  ull  .Mult.-, 

Deviat  ion  Ratio . »  .  .  . 

LPOi;'  Cutoff  Frequrtu  y . 

Full  Bandwidth  V'oltage . 

Output  Noise:  Full  Multiplex . 

Search  Channel  Onlv  .... 


.Search  f’h.  Or.lv 


Channel  No.  ^  Chuincl  Frequency _ ^ 

BPII':  Signal  21k  Noise:  Full  .Mult.  - 

Deviation  Ratio . . 

LPOF  Cutoff  Frequency . 

Full  Bandwidth  Voltage . 

Output  Noise;  Full  Multiplex . 

Search  Channel  Onlv  .  .  . 


Channel  No.  ^  Q  Channel  F r«  <|ueiicy 

BPIF:  Signal-,^/,^  Noise:  hull  Mult.  - 

Deviation  Ratio . . 

LPOF  Cutoff  Frequency . .  /  g 

Full  Bandwidth  Voltage . .  / , 

Output  Noise;  Full  .Multiplex . .  )  * 

Search  Channel  Only  .  .  .  .  /  3 

Channel  No.  ^  f  Channel  Frequency  / 

BPIF:  Signal  -  Noise:  Full  Mull.  , , 

Oaviation  Ratio . .  ^ 

LPOF  Cutoff  Frequency . .  i 

Full  Bandwidth  Voltage . .  /  ^ 

Oiitput  Noise:  Full  Multiplex . .  / 

Search  Channel  Only  .  .  .  .  /  3 


Search  Ch.  Only  ••  iSi.l r/k 


c  *  7.r% 

Si  arch  Ch.  Only 


J  PP _ _ 

It  Search  Ch,  On 


FIGURE  II-3.  4-6  (CONT’D. ) 
Sir.NAL-TO-NOISE  TEST  DATA 


C . tJ'X%.CjhsLnmk 

•  Ouilc. _ 


Syatem  Daacnptton:  if r  J  nZiG- 

IF  Signal-tu-Noiso  Katin  . .  _ AGC  Voltage 

Channel  No.^^  Channel  >  reguercy  2^.0  ^C.  ^7- 

DPIF:  Signal  Noise:  Full  Mult. Sean  h  Ch.  Only 

Deviation  Ratio . .  .A"* 


LPOF  Cutoff  FrequoTU-y . .  C^A 

Full  Pardwidth  Voltage . .  /Q  u  ?  P _ 


Output  Noise:  Full  Multiplex . «  ^ 

Search  Channel  Only  .  .  .  .  ^  p  ^ 


Chanqcl  No.  ^  S _ _  Channel  Frequency  7^)  /CC  ~ 


IJPIF:  Signal  -//,  Noise:  Full  Mult. St  art  h  Ch.  Only  -  ^ 

Deviation  Ratio  . . . 

LPOF  Cutoff  Frequency . .  C.  ^ 

I‘,ull  Bandwidth  Voltage . . 

Output  Noiac;  Full  Multiplex . .  7^  _ 

S<  ar«  h  Chaiinel  Onl\  ,  .  .  ^  H  >V>  J  V ^ 


Channel  No.  */9  Channel  Frequency  <9jsKc  ry.s'^yo _ 

BPIF:  Signal  -  Q  rtk  Noise:  Full  .Mult. Jh  Search  Cn.  Onlv-^3.fe 
Deviation  Patio  ....  . 


LFO>  Cutoff  Frequency  .  .  .  . ■■/.J.f.j't-i 


Full  Bandwidth  Voltag«* . .  y  ^ 

Output  Noise:  Full  Multiple.x  .  .  ....  .152: 

Search  Channel  Only  .  .  .  .  fkBjn 


CJH. 


Channel  No.^^  Q 


_ _  Channel  F  retjuency  KC  tr^'Vo _ 

BPIF:  Signal  -  0  Noi.se:  I- ull  Mult.  •Search  Ch.  Onlv-iO»  ME 

Deviation  Ratio . A 


LPOF  Cutoff  Frequency . .  /  (a ^ 


Full  Bandwidth  Voltage 

Output  Noiae:  Full  Multiplex .  U 

Search  Channel  Oniv  ....  7i}^u - - 


21 


Channel  Frequency  /hi'kc  t7.i^o/o 


Channel  No. 

BPIF:  Signal  Noiac;  Full  Mult.-/7./ c/Ar  Search  Ch.  Onlv-/7. 


Deviation  Ratio 


LPOF  Cutoff  Frequency . .  7 S"t. 


Full  Bandwidth  Voltage . .  u  P\ 

Output  Noiae;  Full  Multiplex . ♦  7  ^  mt/vml 

Search  Channel  Only  .  .  .  .  yfS 


.7J>' 
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FIGURE  U-3.  4-6  (CONT'D. ) 
SIGNAL- rO- NOISE  TES  T  DATA 


Syittom  Pe»cr>ptiur:  //?/(»  ^  ^  ^  ^  ^ 


IF  Si|inal-tu- Noi s<-  H^tio  ) 


Ipuxzi- 

2-^ 


ACiC  V()lta^c. 


0  \jA  C. 


/-L;  IV  ^r/ 

Channel  No.  V 


Channel  K  r<‘t|vicf  <  \ 


BPIF:  Si-naJ  rJL^Jiilk  Noi ^  nil  Mult.  -JL^SCAk  .Suarcli-Ch.  Only 
Deviation  Halil)  . . _ 


LPOF  Ciitnlt  >  rcTjUi  Ti  \  .  .  .  . 


Full  Bar'lwidth  Vollaue . /  O  _ 

full  Multiplex . fyi 


Output  Noise 


St  arch  Channel  C^nlv 


{  I 


3.  O  5 


2.£. 


Cha niu  I  >  nuiiM  iu  y  70  he  i  7  y% 


('hanncl  No.  _ _  _ _ 

H.PIK:  Siu.Mal  Nuis.  K  ill  Mull. 

Deviation  Hatio . 


LPOF  Ciitott  F  rctnu  ru  V 


/o:iro<ip^ 


F  ull  riandu*  Kith  Vollaiie . . . /  Q  Q  ?  ^ _ 

Output  Noise:  Full  .Multiplex . .  ^  /vl  S 

Sear<  1.  Chaiir.el  C)i.l%  ....  Ay  /  yy^  u  V  taa  5 


Channel  No. 


fUl. 


Cha  nn«  I  1  nopietic  v  ‘r  3  A-d  i-7. 


PPIF:  SipnaU 
Deviation  Hatiu 

LPOF  Cutolt  F  requeni.  y . 

Full  Landwidth  Volta-.:*  i . 

Output  .Nois**:  Lull  Multiplex.  .  . 

Searen  C  hannel  C)nl\ 


N  ms*-:  F  ull  Mult. -^7.  I  S-arvh  Ch.  Only  -2.9f.0cil-. 


>3  9^  cp^ 


m\l-r  »aS 


tVI  U  "Ar  rv»  ^ 


ChaniuT  No.  5 -  -  ChaniK'l  F  ri  fiucTi*  > 


RPir;  Siunal -y.  aj),  N.iU..:  K..1!  M.ill.-,33.4  ~..arrh  Cl.,  Onl\-^‘/,7 
Deviation  Ratio . . a^*** _ 

LPOF  Cuttiff  F  r*‘quep(  \  .  .  .  ' . >  / ^ la  0  g.pS  C _ - 

Full  Bandwidth  voltai:*  .  .  .  .  ./.Q  v?.P? _ _ 

Output  Noise:  Full  .Multiplex . .  ^  J v* »w  ^  _ 

Search  Channel  Onlv  .  .  .  .  ^  S  m  iee>a  t _ 


Channel  No.  ^  Frequency  /6>6-'AC  i7y7c _ 

BPIF:  Si^:nal  •  dK  Noise:  Full  Mult.  ~  ^y.  *7  fj  Search  Ch.  Qnly^^j  , 


Deviation  Ratio 


LPOF  Cutoff  Frequency  .  ,  ,  . •  2‘-/7ii  c^s  C/) 

F«ll  Bandwidth  Voltage  ........  .  0  pp’ 


Output  Noise:  Full  Multiplex, 

Search  Channel  Only  . 


32 


g3..u..x.mx. 


^  /  en  U  t 
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FIGURE  n-3.4-6  (CONT'D.)  . 
SIGNAL -TO -NOISE  TEST  DATA 


System  Description;  i  & 

IF  Signal-to-Noise  Ratio  AGC  Voltage  0  j  <jf. 


Channel  Frequency  /  U 'J'  !< C.  "t  Z  ^  )c  -  I  I  ^  J> 

BPIF:  Signal^;?.  Ulk  Noise:  Full  Mult. _  Search  Ch.  Only  -  ; -  ,  7JJ, 


Channel  No.  ^  / 


♦  eLf% _ Cj± 


Deviation  Ratio . .  C> 

LPOF  Cutoff  Frequency . . 

Full  Bandwidth  Voltage  .  . . .  V/O  u  P 

Output  Noise:  Full  Multiplex . . 

Search  Channel  Only  .  .  .  .  //  V  /v>  .>v  t 


±1.1: . ±il.. 


Channel  No.‘  Q.  f _  Channel  F requency  HC  t7-^  %  ^  J  L 

BPIF:  Signal  .^.71  j,  Noise:  Full  Mult. _ Search  Ch.  Only  -  3 

Deviation  Ratio . .  ♦  .  _ 


LPOF  Cutoff  Frequency  . . 

Full  Bandwidth  Voltage  ...... 

Output  Noise:  Full  Multiplex.  .  :  . 

Search  Channel  Only  . 


PH  ^ 


Channel  No.  1?  / 


Channel  Frequency.  /lotP  KC,  ^  o/i 

'  Search  Ch.  Only  -  /<g.  C> 


BPIF;  Signals  5.  Noise;  Full  Mult 

Deviation  Ratio  . . 


LPOF  Cutoff  Frequency . .  ^ ^7 c  p ^ 

Full  Bandwidth  Voltage . .  /  O  \J^P 

Output  Noise:  Full  Multiplex. 


Search  Channel  Only  .  .  .  .  :? 50 i»i .y 5 _ - 

Q.  I _ Channel  Frequency  !  hC  j  jic*  r 


Channel  No.  __ 

BPIF;  SignkL-a>.7^  Noise:  Full  Mult. 

Deviation  Ratio  .... 

LPOF  Cutoff  F requency 
Full  Bandwidth  Voltage  ........  .  /  D  ii  9  F 

Output  Noise:  Full  Multiplex 


Search  Ch.  Only  -  9raJl 


C./i 


*^n.¥Jk 


Search  Channel-Only  .  .  .  . 


Channel  No,  O.  I 


BPIF;  Signal  ~2,L 
Deviation  Ratio  .  . 


Channel  Frequency_ 
Noise:  Full  Mult. 


J  UiTkctl,  r  9  Ji 


Search  Ch.  Only  •  IS. 1 


LPOF  Cutoff  Frequency . .  JiH75' 


Full  Bandwidth  Voltage  . .  /  0 

Output  Noise:  Full  Multiplex.  .  .  . 

'  Search  Channel  Only  . 


(A/0  ±ij  a-'yX 

VCu  * 
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FIGURE  n-3.  4-7 
SKiNAl.-  rO-NOlSF.  TKSr  DATA 


Synt.m  Dcscriition "^’ygrj^lQWCL/  'ScLViJlm^J'tk 

IF  Si^nal-to-Noisif  Ratio _  4/  ahk _ At /C  fVoJta>jt'  -  V.tJ  l/Wg- 

Channel  No.  ^  Channel  1  r»  •(Uen<  \  _ _ 

nPlF:  Si.nal-"C7./  Jk  Noise:  hull  Mult  *^,6  jj  Seareli  (  h.  Otilv~-l.'ty  wi 
Deviation  Ratiti . . . ST 

LPOK  ruloft  I  r.  nue.M  V . .  •  _ CA 

Full  Rai'lwi'itb  Vollace  .  . . ^ 

Out|iiit  Noise;  F'nll  Multi}. li  x .  •  Jj  awilj/ _ _  mt^m. 

Search  Channel  Only  .  .  .  .JhKtsan^ _  _ 


Channel  No.  ) ^  »  Channel 

I'PIf  :  Signal  =2Sk.  N  ’ '■ 

Deviation  Ratio  ...... 

LPOF  Culofi  Knfjnenty  .  .  . 
Full  I'-anflw.  niih  Voltage  .  .  . 

Output  Noise-  Full  .Multiplex. 

.  .Search  Channel 

Channel  No.  Channel 

I’PIF  :  .Si>*nal  -li.rAh  Noise 

De\  lat ion  Ratio  .  .  .  .  .  .  . 

1  POF  Cutoll  Froqi  letu.  \  .  .  . 

l  ull  I'andwidth  \oltae‘'  .  .  . 
Output  Noise;  Full  Mulliple.s  . 

.Si-arcli  Channel 


h  reTpii-nt  y  ^3fce..^7.ffSZ 
h  111  1  Mu  It.  -ja.'lilla  Siari  h  (  h. 


_ir. 


LioCicj^ 


Only 


-d 


7«?i 


QmL 


I'  r«*queiu  \ 

F  ull  .Mult.  Sean  h  (  It. 

. \ _ 5> _ 


<  'nlv  .  . 


Only 


Only  -IH.-7dL 


Channel  No.  Q _  Channel  Frequemy 

r.PIF;  Sii;nar»;^g',S*^V)  Noi.st  1  ull  .Me.lt 

Deviation  Ratio . 

L  POF'  Cutoli  Frc<}uen<  \ . 

Full  naiiilwi'lth  Voltage . 

Output  Noise-  Full  Multiplex . 

St*arch  Channel  (Riiv  . 


3.oWc.  r?.  5'‘% _ 

■Searcii  Ch.  Only  -31. 

... 


-  fUtjPTJsr. 

//flO 


6GOrt^\f 


C'hanm-I  No. _  Channel  Frequency 

R’PIF  ;  Si;c>ial _ _  Noise  -  h  ull  Mult.  Sean  h  C  h.  Only 

De\  lation  Ratio .  . 

l.POF  (rutoff  Frequi-ncy . . 

Full  I'andwi'lth  Voltajje . 

Output  .Noise;  F  ull  .Multinli-x . 

S»-arch  Channel  Or.I,  .... 


/c!-f 


-235- 

'  Date  a-y-zs" 


FIGURE  U-3.  4-7  (CONT'D. ) 
SIGNAL  - TO- NOISE  TEST  DATA 


Syctom  Dtisrription;  1*  I*}  ^  H 

IF  Sijinal-to-Noisc  Hatio  _ _ 


H 


Channel  No. 

BPIF:  Si-naJ 
Deviation  Ratio  .  .  .  . 

LPOF  Cutoll  Froquonry 


_  ChanniT  >•  requenry 

Q  ^^3  Noi  .^o;  F  ull  Mu 


It. 


Full  Baf.  iwidth  Voltage . 

Output  Noise:  Full  Multiplex.  .  . 

Search  Channel  Only 


A(;(;  V>jUjfni; 

/6y  AC  - 

—  Mearel.  C  h.  Only 

/.Q^ZJl _ 

gg^WiA/ _ 


Channel  No.  _ia _ _  Chaiiin*!  F  requoncy 

nPIF:  Signal  Noi.se:  Full  .» 


.Mull 


Deviation  Ratio 
LPOF  Cutoff  F'reqiieruv  ...... 

F'ull  Dan<l>fc  I'llh  V'oltage  ■ . 

Output  Noise:  F'ull  Multiplex.  .  .  . 

Search  CMirtt4nel  Chily  . 


9S  kc  tO.'rofo _ 

.  —n,  •  *  •'  Only 


££ 


/ao  vnv 


Channel  No.  ■1 8  . . 

BPIF:  Signal 

Deviation  Ratio . 


f  haniuT  F requeue v 


.se 


L  POF  Cutoff  F' reqiuuic V . 

I  ull  Bandwidth  Voltage . 

Output  Noise:'  F'uil  Multiplex.  .  . 

Soarcli  Channel  Onlv 


7D  kc.  i-  7. 

'  M. 

_ 231 


Full  .Mult.  =2SiS^  earc  h  (  M.  Only 
•  ■  •  *  • _ s2l. 


\Q 

TS^L 


Channel  No.  __a_  Channel  F'r<-qucncv  ^  AtC  7«  ^  _ 

BPIF:  Signal ^  Mult.  ~  *y/. S'c^jg.Search  Ch.  Only 


Deviation  Ratio  ,  . . ^ 

LPOF  Cutoff  F  requenc  V . . 

Full  Bandwidth  \oJtage . .  PP 

Output  Noise:  F'ull  Multiplex .  ^ _ ’ 

Search  Channel  Only  .  .  .  ._ 


Channel  No. _ Cliannol  F' requency 

BPIF:  Signal _ Noise:  Full  Mult. _ ^Search  Ch.  Only_ 

Deviation  Ratio  . . . 

L.POF  Cutoff  Frequency . . 

Full  Bandwidth  Voltage . . 

'Output  Noise:  Full  Multiplex . . 

Search  Channel  Only  .  .  .  . 


FIGURE  II-3.  4-7  (CONT'D. ) 
SICNAL-TO- NOISE  TEST  DATA 


Syitem  Description: 

IF  Signal-to-Noise  Ratio  J dh  ACfC  Voltage  -^.O/e/c. 

Channel  No.  f/  Channel  Frequency_  J^/ec 

BPIF:  Signal  f  <3. Noise:  Full  Mult.  Search  Ch.  Only  ~ 

Deviation  Ratio . .  .4***  _ 

LPOF  Cutoff  Frequenc  y . «  dJt 

Full  Bandwidth  Voltage . .  . 

Output  Noise:  Full  Multiplex . .  /iOV 

Search  Channel  Only  .  .  •  .  //VJ  fytV 

Chann  el  No,  19  Channel  Frequency  ^  7»b  ^ _ _  _ 

BPIF;  Signal  Noise:  Full  Mult,  Search  Ch.  Only 

Deviation  Ratio . .  5* 

LPOF  Cutoff  F  requcnry  .  .  .  . ■  VV/yept  C.A _ 

Full  Bandwidth  Voltage . . 

Output  Noise:  Full  Multiplex . •  ^ ( rwv/ 

Search  Channel  Only  .  .  .  Si^ yy^)/ 


Channel  Frcquenc  V  r'p.c^ 


Channel  No.  ■  /S . _ _ ^ 

BPIF:  Signal^'yTTnVi  Noise:  Full  Mult.  |  dW  Sea  ri~h  Ch.  Only 

Deviation  Ratio . .  .  .  CT 


i.POF  Cutoff  Frequency . 

f  ull  Bandwidth  Voltage . 

Output  Noise;  Full  Multiplex.  .  . 

Search  Channel  Only 


iCk2 


Channel  No.  Channel  F rcquency 

BPIF:  Signal  Noise;  Full  Mult.  Search  Ch.  Only 

Deviation  Ratio  . . . 

LPOF  Cutoff  Frequency  ........  . 

Full  Bandwidth  Voltage  . . . 

Output  Noise;  Full  Multiplex . . 

Search  Channel  Only  .  .  .  . _ _ 


3  cl-  ^ 


~Z37- 


Date 


FIGURE  II-3.4-7  (CONT'D. ) 
SIGNAL- TO- NOISE  TEST  DATA 


Systam  Oaacriptlon: 

IF  Signal -to -Noii«  Ratio  ACC  VolUga  iTtie. _ 

Channal  No.  //  Channol  Froquoncy  Ac  Sf 

BPIF:  Signal  Notaa:  Full  Mult.  Saarch  Ch.  Only^yg-.^cfe 

Oaaiation  Ratio . .  .  6 


LPOF  Cutoff  Frequancy  . . 

Full  Bandwidth  Voltage . 

Output  Noise:  Full  Multiplex.  ..... 

Search  Channel  Only  .  .  . 

Channel  No.  ^  Channel  F roquency 

DPIF:  Signal  Noise;  Full  Mult.  z2SM  Search  Ch.  Only -ay.ydWy 

Deviation  Ratio . .  ^ _ 


LPOF  Cutoff  Frequency . 

Full  Bandwidth  Voltage . 

Output  Noise:  Full  Multiplex .  .  . 

Search  Channel  Only 


maL&fs—cA. 


khl/ 


Channel  No._  -Jd _  Channel  Frequency 

BPIF;  Signal  Noise;  Full  Mult 


7akc  ,t2£^ 

Sea^ 

LPOF  Cutoff  Frequency . .  /aca^tjorn  IZI 


Deviation  Patio 


Full  Bandwidth  Voltage . 

Output  Noiae:  Full  Multiplex.  .  . 

Search  Channel  Only 


•  /gm  CAM — L. 

_ z 

•  jrjT-tnZ 

•  Sta. _ ttlid. 


Channel  No.  ^  Channel  Frequency^  3.ov^  17.5^ _ : _ , 

BPIF;  Signal -^233]^ Noise:  Full  Mult.---^^  diO  Search  Ch.  Only 

Deviation  Ratio . . . .  5^  _ 

LPOF  Cutoff  F requency . .  V;y 

Full  Bandwidth  Voltage . . 

Output  Noiae;  Full  Multiplex . .  ’S'.K  s%sl/ 

Search  Channel  Only  .  ,  .  .  )  MV 


Channel  No.  Channel  F requency 

BPIF:  Signal _ Noise:  Full  Mult. _ Search  Ch.  Only 

Deviation  Ratio  . . . 

LPOF  Cutoff  Frequency . . 

Full  Bandwidth  Voltage . .  . 

Output  Noiae:  Full  Multiplex.  .....  . 

Search  Channel  Only  .  .  ,  . 


y  oh  > 
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FIGURE  U-3.  4-7  <CONT'D. ) 
SIGNAL-TO- NOISE  TEST  DATA 


System  Description  :  CiA^y\Y\m  Is  /—  ^  ti. - - - 

IF  Signal-to-Noise  Ratio  )  AGC  Voltage  -  c  ~  _ 

Channel  No.  /T _  Channel  Frequency  ~  f ! 

BPIF:  Signal  -Q  Noise:  Full  Mult.  Search  Ch.  Only  -  9. 5^  h 

Deviation  Ratio  .  . . . 

LPOF  Cutoff  Frequency . .  ^9  ^0  C  os  C. /? 

Full  Bandwidth  Voltage . .  /D  O  PT  ^  h 

Output  Noise:  Full  Multiplex . . 

Search  Channel  Only  .  .  .  .  /  ^  j  v  ^  s _ -  >  A 

\  — 

Channel  No.  _ Channel  Frequency  c  t 

BPIF:  Signal  Noise:  Full  Mult.  Search  Ch.  Only  -  7  .  ,  ^ 

Deviation  Ratio  . . .  . . 

LPOF  Cutoff  F requency . .  ^ i  '1  iS  -  c.  p  ■  C  /7  _ 

Full  Bandwidth  Voltage . .  /  0  J  ^  r  ^  c  ^  A 

Output  Noise:  Full  Multiplex . . . , 

Search  Channel  Only  .  .  .  ._ 

Channel  No.  /-/ _  Channel  Frequency  /  (r.  S  -  1C  •"  1  c 

BPIF:  Signal  -Q,  Idj,  Noise:  Full  Mult.  Search  Ch.  Only  -  c>  n  k 

Deviation  Ratio . f . . 

LPOF  Cutoff  Frequency  .  . .  “V  y  C  C-  cps  :> 

Full  Bandwidth  Voltage . .  /  Q,:!S 

Output  Noise;  Full  Multiplex . . 

Search  Channel  Only  .  ,  .  .  7  o?  6^**“  l/  v  ■■  ■. _ —  C7.  t*  >V 

Channel  No.  /-/  Channel  Frequency  /  f  j  ^  .  i ic  -  *  ■  'i  t 

BPIF:  Signal  c/^  Noise:  Full  Mult. _  Search  Ch.  Only__-__^__^^_^ 

Deviation  Ratio . . . . 

LPOF  Cutoff  F  requency . .  ‘‘•Z  9  .o'J.  c,  ^  S  (Z/9  _  ^ 

Full  Bandwidth  Voltage . ♦  /  ■' j  u  P  P _  ^  •‘/rr  / 

Output  Noise:  Full  Multiplex . •. _ _ 

Search  Channel  Only  .  .  ..  .  /  J  j,' O  nn  d  . _ -*■  4^ _ 

Channel  No. _  Channel  Frequency _ _ 

BPIF:  Signal _  Noise:  Full  Mult.  Search  Ch.  Only 

Deviation  Ratio . .  . _ .  _ 

LPOF  Cutoff  Frequency . .  .  .  » 

Full  Bandwidth  Voltage  ........  . _ 

Output  Noise:  Full  Multiplex. . . . . 

Search  Channel  Only  ...  . _ _ 
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Name^__^  _ Date  - 


TABLE  II-3.4-8 
SIGNAL-TO-NOISE  TEST  DATA 


u 

\ 

n 

a; 


s 

L* 

E 

z 


K 

Vj 


.240  < 


«db  rafiranred  tt  une  ni-  'iwatt  into  fiOO  ohms. 


TABLE  II-3.4-8  (CONT'D. ) 
SIGNAL- 1 0- NOISE  TEST  DATA 


OUTPUT  1 

•B 

- 

J3  m 

u  e 

i|a« 

a>(5 

SSlsSl  1  1  1  1 

1  i 

1  ( 

— a  flu  ^ 

o6  V  Oo  <5;  <  rv  (Vi  c* 

• 

• 

•*«  • 

:£ 

.  .M 

jsle 

0  O  b  1  1  III 

ri  <  <5  '  1  1  1  1 

» 

1 

1 

8* 

Sac 
9  **«  c 

s 

^oUoo\9o  ^^0? 

cv-<ciN7‘  NS'^ 

INPUT 

• 

JO 

•e  *3 
u  e 

S|S« 

w  (3 

i<5  S  id  ^  1  I  111 

1 

M 

-•s. 

*3  •-£ 

s 

*1 - -  - , 

~  oJ  :j-  r-j  f)  ri  n)  ,s  r-i  0 

5  lo  Ui  W  9=  In  l«‘  ^  \n  v>  Ir^  1^: 

_ Si _ _ _ 

•  ' 

• 

jO  •  - 

2  §^E 

8|<5| 

H  5  d  •:?  1  1  -1^1  1  1  1 

f,  r«  ^  «  1  1  1  1  1 

i 

_ 2__ 

rs.>bfv)lob^V/)loLft  lobb 

rx'rv«^ni's£)n(r^rt^<^  Of.^ 

1si  1  1*  1  »  1  »  1  1  1  Qj  I  1  1 

A  * 

&  S 

-  :S 
10  ^ 

^  vQ  (V)  (V)  ^  fN,  fVi  *^(>0  fV)  i*V)  .Vj  r..  . 

CHANNEL 

>. 

u 

(a  b 

o  § 

a? 

h 

jj  v)  vl  vj  0  V)  0  0  V)  v)  ^  '■^  vj  « , 

«  ^  ^  ^  ^  ^  .4;  5 

Oi 

O 

<5r}nJc<n!-->  §«>*> 

S 

9 

sr 

la 

In 

>  Jt  J:  -i  j  ^  ^  ^  ^  .’■ 

■tjjOooqo  ' 

.  ^  o<J  0  0  Q  0  0  S  «  ^  w  -S  -s  -s 

S  In  i»  Of  n9  rt  CY  cv  Of  Lj  ‘"i  ‘'i 

—  —  —  — 

U 

i 

r-^i 

i 

H 


A 

o 

.N 

1 

E 

A 

2 


Vi 

N 


m 

E 

£ 

0 

o 

o 

o 

o 

c 


A 


« 

c 

o 


u 

u 

« 

la 

V 

c 

la 

X 

t) 

« 
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SIGNAL-TO-NOISE  TEST  DATA 


OUTPUT  1 

< 

*o 

£ 

CO 

Search 

Channel 

Only 

db 

^  >  In  ^  ^  1 

nf  N{  Ni  1 

:  1  '  ;  ' 

e 

S  "S.  - 
cf  5*8 

"  3 

s 

ro  >  ^  ^  N  ^ 

o 

■ 

•ee  ' 

o 

Z 

•®  •  w  * 

c  >«  e 
i  a  c  c 

•  X  ^  T3 
CO  (J 

^  to  ^  0  1 
ri  0^ 

1  1  1  1  ' 

Ml  Mi 

""  s 

®  .K. 

o.  c 

*9  C 

l*<  f  =§ 
S 

'i*  7  t  f  ^  bd  -•  oi  u  r 

INPUT 

• 

£ 

X  *« 
u  e  >> 

5  S  c  £ 

e  2  0  ^ 
CO  (5 

U  1 

N  N  N  N  1 

III  Ml 

. . H 

« 

It'S 

3 

.5 

to  >  C'O  ^  fv)  S  fS  fs  IS  Cn 

N  K  s  K  K  N  ,  ^'  N  N  N  1^  M 

• 

• 

0 

Z 

W  c  >'  >1 

5  5  B  1 
0:g 

CO  jj 

^  1  1 

V  3:  ^ 

S  fM  ^  nt  i  1 

_ _ _ _ [ _ 

QJ 

11  Ml 

"  '  H 

--  -2  * 
Sac 

g  C 

s__ 

fS  MfS  ^  Ai  IS  K  SO  (S  jS*Nv 

e  * 

6  £ 

CO  *o 

CHANNEL 

>* 

-1 

-JC  1s  vv  ^  *  -  V 

g 

'  cV  cv  0*  Of  -  O'  1  fv  -  0"  1  n  -  > 

5* 

a 

o 

\ 

h 

h 

vif  ^  ^  V)  u 

I'i  r^s  tci  ^  ^  !?  S  S  ^  ^  S  ^ 

M 

i 

v®5?t5:^  S:3;5:  tii: 
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*db  referenced  to  one  milliwatt  into  600  ohms.  ^  or  ^  Name;  Jg-'  y-,  Date:  £"-^*7' 


s 


0 

« 


S 

M 

CO 

> 

n 

u« 


9 

A 

«• 

(! 


H 


CO 

I 

• 

ro 

I 


u 

*-•  S 

CQ  Z 

^  - 

H  to 


U 

iS 

§ 

I 

o 

H 

a 


I  I 
•  « 

O 

o 

< 


CO 


,v 

? 

O 

O 


H 

S 

g 

0 

•o 

£ 

tn 

m  ^ 

JB  m 

u  5  >* 

:|S« 

CO  g 

1  III  Ml 

S 

S  "0.  . 
s>  S  6 
In  ^5  ^ 

I? 

U. 

^  N  5'  ^  Ij  VS  N  S  ^ 

« 

m 

0 

Z 

X  *2 

5  Si  6 

N  r  ??  M  IN  1  ! 

-1. 

Sac 

•3  ■#*  i3 

S 

o;\»V(V)o^  'jvrJcV 

^  'f  •<  0  ';'  Ni  7  r  <  f 

INPUT 

• 

g 

CO 

0  5  >. 

s|5« 

CO  g 

®  ”<?  vs  rv  1  1  111  :  i 

5  >•  IN  1  1  \  1  1  i  1 

N 

• 

faSe 

Vi  N  '■»  f'<  v»  \s  >s  \S  vS  vs  V)  ''S 

V'.  oc  V  IN  IN  IN  IK  -s;  ■>: 

• 

• 

i 

0  1  >.♦ 

C  Cl  >  ss  f5  ,  ,. 

f-s ;;  14  f  1  1  -^1  1  1  (  M 

M 

—  *  * 

33E 

_ 

cl  ^  ^  Cl  nS  \S  vs  IS  NS  '  *  N* 

<  re  t?  ^  Sc  i  ’  id  !f  '  Vi’ 

f  1  V  9*  ^  ly  m  V  V  n  r<  • 

m  1 

6  S 

W  n 

— *  Si 
CO  ^ 

'i  rv  On  0  N3  Vi  Vi  •  cj  Vi  ^  - 

'-r  ^ 

CHANNEL 

>> 

u 

b« 

0  s 

s  «■ 

»t 

In 

^v»ocjN3V)W>  V>  0  In 

OciS^'v 

fli 

Q 

4:rcvn!ni-5-  |r(-N> 

r 

f 

•• 

i5  0  0  ^  5  vj  ;o  -s  S  S 

i 

\sS2I^r2I  £^^£1  3:2:2: 
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*db  referenced  to  one  milliwatt  into  600  ohms.  ^  vf-  7  Name;  L  Date: 


SIGMA L-TO- NOISE  TEST  DATA 


4 


u 


OUTPUT 

T3 

£ 

Sesrch 

Channel 

Only 

db 

s<i  1  1  i !  > 

e 

S  *SL 
^5«§ 

IS 

r  ^  ^  U  ^  *j»  0 

Cir<<iO!'^*^  (M^r*  fY-v^* 

« 

MP>«  • 

o 

Z 

**  c  ^  E 
•  ••  o  •“ 

9  js  yj  tn 

(0  (5 

????!'  IK  ' 

.  . 

, 

H 

^  J2  * 

h  ^ 
.  2 

rwsS'Ko-'^  '-bov^  qiv.,} 

1  1  J  »  »  >  »  T  ‘ 

INPUT 

m 

£ 

JO 

•9  e 

i!  e  .S' 

S  9  e  .o 

S  g  0  ■« 

CO  (5 

s  s  5 ; 1  1  III 

-  1 
i  1 

"  K 

o 

*3  s  ig 

5 

'%  7*  ,jij^ 

^  ry  rj  ^  ^  ^  (y 

_ i _ I!! _ _ l!! _ _ T!; II 

• 

• 

•*  e  *«  E 
S  «  ^  -O 

,•  X  O  -0 
CO 

^  ol  o  ill 

,;ss?si  1  ;i  II 

i  1 
{  ! 

i 

L 

U 

—  —  * 
•3  .&  E 

fc5>S 
_ 2_ 

1  ^  ^  ^  ^ 
t  ^  ?J  ?:  ??  ?j  ?;  1  ?i 

X  1  '  1  1  II  •y  N  »  1  .  r  »  r 

*3  * 

e  E 

M  Jo 
U)  ^ 

^  ?  r  r  r  ‘  >  rx<!i  7  >  ^ 

>* 

u 

o  § 
cu  & 

2 

^  4f  -i*  ^  r^ll  < 

Q 

J!sD^ -  .t  >- 

2 

i 

9 

r 

h 

Ia 

i 

a 


a 


0) 

B 

M 

2 


K 

0 


\ 


'A 


•> 

B 

M 

3 

O 

O 

^o 

o 

4-1 

c 


A 

I 


« 

•C 

o 


■S 

u 

e 

• 

h 

•m 

« 

»« 
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--racriiii 


I 

I 

I 

I 

I 

r 

I 

[ 

I 

r 


H 

2 

O 

U 


H 

s 


H 

H 
00  U 

■i  a 

I 

O 
"  H 

CQ  2 
<  o 

H  10 


; 

• 

) 

\ 

s 

0. 

g 

•  0 

1 

i. 

•o 

£ 

w 

Search 

Channel 

Only 

4b 

IN  III 

8 

S3  "a 
®  S  iS 
tn  "  ^ 

. s 

":9^ 

ft— 

• 

m 

•P4  • 

j3  Ti  . 

**  a  *3  E 

1^'  P  $  M 1  1  !  j  !  I  I 

_  r  T  1  r  '  ‘  '  J 

8, 

2)  *0*  C 

K|:§ 

^  Iri  O  -v  iv>  O'  —  ^  ^  ^ 

?  r  ?  r  Y  ?  7  T  ?  tT? 

INPUT 

• 

£ 

w 

u  2 

ss  ??M  III  Ml 

%« 

8 

^  3ig 
b.  ^  ^ 

S 

^  ..lo  I/nJo  ifl  iolA 

• 

• 

«»«  • 
2 

•8  ^  - 
8  «  8 

^SssSil  ill  1  1  111 

35-E 

2 

t>  Ui  iy>  1^0  U  K  1/1  u»  u  U  i/' 

J'rortlfsrojv*!^  f^AOiV  r»nfyv^» 

^  1  »  1  *  •  1  V  »  )  1  n:.  •  s  1 

■  ^  — 

8  E 

-1 
(0  "O 

^  5:  ^  :2  ^  ^  ^  ^  ^  'i 

1  1  f  •  1  f  1  til  1 

-J 

>- 

u 

b*  6 

0  5 

S? 

b« 

^  ^  i  i  ^  i  ^  i  i  ^  '*'• 

Q 

|ri_r  xn  —  ^ 

z 

►» 

w 

s 

9 

r 

h 

Ih 

i  i  ^  i  i  i  i  ^  i  ^  ^ 

^^oo-ooQ^^JOoq^dd^ 

i?  2  s  S  1  ^  S  1  5  jS  § 

• 

2 

s35>^^3-  ttj 

2 


i 

3 


n 

2 


<-4. 

< 


■ 

E 

c 

c 

c 

vC 

c 

*• 

c 


T 

c 

c 

( 

« 

» 

« 

•J 
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H 


u  e  >>  I 

CO  5 


^  Om  ^ 

5*  s  6 
^  ^ 


0  A1 

Si  c  ^’i 

tiSi 


•  JL 

•“•  IS  t. 
^  c*  c 

9  •*«  C 


0 

u  S 

l4  S  ^  A 

«  S  c  £ 
2  •  r»  ^ 


r>^  r  N3  nS  I 

nj  r(  Of  (1  «  ' 

<5  -v  po  \S 

JS  >i  \S  u 

rsJ  Pt  ft  nr  —  M 


1 1 


v>  pj  \3 
(V  - 


0  >  \9  Cio 

N  /<  n9  nS  I 

T  ?  T  r  » 

r.  ~  v9  ^ 


r-' 


CV>  ^ 


"  s 

_ 2_ 

-  ^  vw 

- 

Search 

Channel 

Only 

dbm* 

'«>  n9 
V»  1 

N 

c 

'S 
n  0 

1 

I  « 

!•  P 

T  vO 

s 


^  U) 
> 


^  ^  ^ 

Till 


<r  n3  Oo 

tr  fy»  ^  ^ 


l/>  3“  07  P^ 

VJO*  oo  w 


N  - 

On 

j _ L 

On  On 

J _ i__ 

(Vi  Ip 

>i  -5 


Vo  f>l 

^  r-'  ?v 

\  t  I 


07 

CO 


I?1  1 

I 


In  ^  ^  Ci« 

S4  S  ^  d  S' 

I 


I  I 


^  In 

^  ^  io 

m  ^  Po 


I  III  III 


^  Vr, 

t:'  ^  ?«• 

I  I  I 


,>»  ‘.^ 
^C  %  'Sc. 


X.  fco 

0»  (vv  .  Nv  IS 


-P  ^ 

^  O 


I  I  1 

'i  ^ 

^  ji 


-:  In  Ip 

»  T  \ 


S  \ 


o  o 


v  o  r  J  0 

^  -j^  4^  ^ 

O  o  U)  'J  ^ 


1)  L/J  ^  U  L)  U 

—  ^  ^  ^  -sS 

‘  »  T  I  T 


^  5  ^  ?  C> 


sfvrvrcrj-r  sn-J-  Jni 


C.  - 

•  ^jOoO  ^Qoijo 

r  l£>st»o  oq  oy  q 

j*lpinoor<^(trf^rjt 


n9  2  -  ^ 


<  o  vJ  0  0 

^  ^  ^  ^  41 

^  4^  ^  ^  ^ 

2  g  t*  3  S'® 

?  St  ^  S[  ft;  IV 
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TABLE  11-3.4-9 
SICNAL-TO- NOISE  TEST  DATA 

-  (S/N)^;_^,d^  JCCi-V.a/  output  FBW  Sl,n.t:  ye.  O  Jbn.. 


•o 

g 

m 

fr~ 

i.*  e 

!  •5'S 

vs  In  N  li)  f]}  1  1 

to  60  K  <»Q  1  1 

1  1 

K 

• 

»  CL  .. 

ha's 

_ 2— 

^rvlooof;^ 

>N8\9NJ; 

9 

• 

«*•  • 
O 
2 

•*3  *3  M. 

jj  e  *2  E 

>  lo  ;  ^  II  1 

y  ^  W  <  '  !  • 

1 

s 

S  'S.  e 
»^i«g 

ot>.,b,r»N  o 

\9naroof>  Kre 

‘  )  ! 

• 

w 

u  2 

i|l« 
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3.  5  SYSTEM  ERROR  TEST 


3.  5.  1  General 

The  system  error  test  uses  a  null  technique  to  measure  any  variation  between 
the  system  input  and  output.  In  essence,  the  input  to  the  VCO  of  the  particular 
channel  under  test  is  delayed  and  compared  to  the  sabcarrier  discriminator 
output  signal.  The  test  is  first  performed  by  adjusting  the  system  gain  and 
delay  (phase  shift)  fcr  a  null  between  the  system  input  and  output  at  a  low  modu¬ 
lating  frequency.  The  frequency  of  the  modulation  is  then  increased  and  the 
null  maintained  by  adjusting  only  the  phase  shift.  The  rma  as  well  as  the  peak- 
to-peak  magnitude  of  the  nuil  is  then  measured  as  total  system  error  at  several 
points  within  the  data  passband.  The  test  is  repeated  and  gain  as  well  as  phase 
shift  is  adjusted  for  a  null  at  the  same  positions  in  the  data  passband.  This  lat¬ 
ter  measurement  removes  the  effect  of  any  system  filter  rolloff  that  occurs  as 
the  modulation  frequency  is  increased. 

The  block  diagram  of  the  test  is  shown  in  Figure  II-3.  5-1.  The  phase  and  am¬ 
plitude  adjustment  network  would  normally  be  placed  in  the  comparison  signal 
path;  however,  due  to  the  cJifficulty  of  adjusting  phase  shift  without  attendant  am¬ 
plitude  clianges,  it  is  necessary  to  use  the  configuration  shown  in  Figure  11-3,5-1. 
In  this  configuration,  the  all-pass  phase  network  is  driven  from  the  low  output  im¬ 
pedance  of  the  subcarrier  discriminator  and  drives  the  high  input  impedance  of 
the  differential  amplifier.  The  output-level  control  of  the  discriminator  is  used 
to  adjust  system  gain.  Thus,  in  this  manner  the  system  input  signal  is  unaltered 
prior  to  the  comparison  with  the  system  output. 

In  order  to  improve  the  signal-to-noise  ratio  through  the  differential  amplifier, 
the  amplifier  is  operated  with  a  calibrated  gain  of  10.  Since  the  amplifier  out¬ 
put  noise  is  independent  of  gain  setting,  this  procedure  improves  the  obtainable 
null  voltage.  The  measured  value  of  rms  and  peak-to-peak  level  are  then  cli- 
viued  by  ten.  In  addition  to  the  test  with  the  full  multiplex,  the  tests  are  re¬ 
peated  with  only  the  channel  under  test  in  the  multiplex.  This  technique  isolates 
the  effect  of  intermodulation  on  the  system  error. 


3.  5.  2  Detailed  Procedure 

a.  Calibrate  all  VCOs. 

b.  Deviate  all  VCOs  full  bandwidth  at  maximum  rate  for  a  deviation  ra¬ 
tio  of  5. 

c.  Adjust  the  discriminator  for  approximately  ±5  volts,  i.  e.,  10  volts 
peak-to-peak  with  full  bandwidth  deviation. 

d.  Establish  IF  signal-to-noise  ratio  greater  than  20  db  to  assure  that 
the  receiver  and  discriminator  are  operating  above  threshold. 
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e.  Operate  the  AGC  in  its  normal  mode,  but  measure  and  note  the  level. 
This  level  can  be  used  as  a  check  on  the  actual  input  carrier  level. 

f.  Measure  the  residual  system  output  rms  and  peak*to-peak  noise  volt¬ 
age  at  the  nulling  point  with  the  seach  channel  unmodulated.  Repeat  this  mea¬ 
surement  with  only  the  search  channel  in  the  multiplex,  i.e.,  with  all  other 
VCOs  turned  off.  These  readings  of  minimum  attainable  system  noise  serve 

as  a  lower  limit  on  the  null  voltage  possible. 

(The  follow  ng  steps  should  be  performed  on  the  search-channel  VCO  v/ith  the 
corhplete  multiplex  operating  and  then  repeated  for  the  search  channel  only 
i.  e. ,  with  all  other  VCOs  turned  off. ) 

g.  Set  the  level,  Rl,  of  the  comparison  modulating  signal  to  the  exactly 
10  volts  peak-to-peak.  Adjust,  R2,  the  input  to  the  search-channel  VCO  for  a 
full -bandwidth  deviation. 

h.  Establish  a  null  by  adjusting  the  phase  shift  and  discriminator  output 
control  for  a  null  at  a  sufficiently  low  modulating  frequency  to  avoid  all  system 
rolloffs.  The  frequency  used  in  the  test  is  0.  3  fj^5.  w'here  f^g  is  the  maximum 
frequency  for  a  deviation  ratio  of  5  operation  of  the  search  channel  under  test. 
Measure  the  peak-to-pe«.k  and  rms  null  voltage  at  the  output  to  the  differential 
amplifier.  If  a  gain  of  10  in  the  differential  amplifier  is  used,  divide  the  output 
readings  by  10. 

i.  Change  the  modulating  frequency  to  0.  5  f^^  where  f^^^  is  the  maximum 
modulation  frequency  for  the  particular  deviation  ratio  and  channel  under  test. 
Obtain  a  null  by  operating  only  the  phase  adjustment. 

j.  Repeat  step  i.  for  a  modulating  frequency  of  1.0  f^^. 

k.  Repeat  steps  i.  and  j.  for  null  voltages  where  both  the  phase  and  am¬ 
plitude  adjustments  are  made  to  obtain  a  null.  Record  both  the  rms  and  peak- 
to-peak  levels  of  the  null  voltage. 


3.  5.  3  Results 

Details  of  the  tests  and  measured  data  are  included  in  this  volume  in  figures  and 
tables  numbered  with  II.  Simmarired  test  results  are  presented  in  Volume  I  in 
figures  and  tables  numbered  with  I. 


3.  5.  3.  1  IRIG  Baseband 

For  the  IRIG  18-channel  ±7.  5%  system  operating  at  a  deviation  ratio  of  5,  the 
system  error  was  obtained  for  the  following  conditions: 
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Te»t  channels:  70  kc  a7.  i  kc  :t7.  5% 

Multiplex  level:  1.0  volt  zms 
IF  S/N:  39  db 
Deviation  ratio:  5 

LPOF:  Constant  amplitude,  18  db/octavc,  nominai.  cutoff  fre¬ 
quency  for  DR  =5 

The  test  data  is  shown  in  Table  11-3.  5-2  and  summarized  in  Tables  1-3.  6-2  and 
1-3. 6-3. 


3.  5.  3.  2  IRIG  Baseband- -Wideband  Channel 

The  IRIG  baseband,  channels  1  through  16  and  £,  was  evaluated  for  system  er¬ 
ror  under  the  following  conditions: 

Test  channels:  70  kc  ±15%;  3  kc  ±7.5% 

Multiplex  level:  1.0  volt  rms 

IF  S/N;  39  db 

Deviation  ratio:  5 

LPOF:  Constant  amplitude,  18  db/octave,  nominal  cutoff  fre¬ 
quency  for  DR  =  5 

The  test  data  is  shown  in  Table  II-3.  5-3  and  summarized  in  Tables  1-3.  6-4  and 
1-3.  6-5. 


3.  5.  3.  3  IRIG  Base  band --Deviation  Ratios  1  and  2 

The  IRIG  baseband,  channels  1  through  18  operating  at  a  deviation  ratio  of  1 
and  2,  was  evaluated  for  system  error  under  the  following  conditions: 

Test  channels:  70.  0  kc  ±7.  5%;  22.  0  kc  ±7.  5%;  7.  35  kc  ±7.  5%; 

3.  0  kc  ±7.  5%:  960  cps  ±7.  5% 

Multiplex  level:  1.  0  volt  rms 

IF  S/N:  39  db 

Deviation  ratio:  1  or  2 
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LPOF:  Constant  amplitude,  18  db/octave,  nominal  cutoff  fre¬ 
quency  for  DR  -  1  or  2 

The  test  data  shown  in  Table  11-3.5-4  and  summarized  in  Tables  1-3.  6-2  and 
1-3.  6-3.  The  low  deviation  ratios  increased  the  system  output  noise  sufficiently 
to  require  the  null  to  be  obtained  first  with  only  the  search  channel  VCO  in  the 
multiplex.  The  corresponding  full  multiplex  reading  was  then  made  at  the  same 
amplitude  and  phase  settings  after  turning  on  the  remaining  VCOs.  The  voltage 
level  at  null  was  often  such  that  a  gain  of  10  in  the  differential  amplifier  was  not 
used. 


3.  5.  3.  4  Expanded  Baseband 

The  expanded  baseband,  channels  I  through  21,  was  evaluated  for  system  error 
under  the  following  conditions: 

Test  channels:  165  kc  ±7.  5%;  125  kc  ±7.  5%;  93  kc  ^7.  5%; 

70  kc  ±7.  5%:  3  kc  *7.  5% 

Multiplex  level:  750  mv  rms 

IF  S/N:  39  db 

Deviation  ratio:  5 

LPOF;  Constant  amplitude,  18  db/octave,  nominal  cutoff  fre¬ 
quency  for  DR  -  5 

The  test  data  is  shov^n  in  Table  II-3.  5-5  and  sunamarized  in  Tables  1-3.  6-4 
and  1-3.  6-5. 

3.  5.  3.  5  Expanded  Easeband--Wideband  Channel 

The  expanded  baseband,  channels  1  through  19  and  H,  was  evaluated  for  system 
error  under  the  following  conditions: 

Test  channels:  165  kc  ±15%;  93  kc  ±7.  5%;  70  kc  ±7.  5%; 

3  kc  ±7.  5% 

Multiplex  level:  630  mv  rms 
IF  S/N;  39  db 
Deviation  ratio:  5 

LPOF:  Constant  amplitude,  18  db/octave,  nominal  cutoff 
frequency  for  DR  =  5 
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The  test  data  is  shown  in  Table  11-3.  5-6  and  summarized  in  Table*  t-3. 6-4 
and  1-3.  6-5.  , 


3.  5.  3.  6  Constant-Bandwidth  Baseband 

The  constant-bandwidth  multiplex,  channels  1  through  21,  waa  evaluated  for 
system  error  under  the  following  conditions: 

t 

Test  channels;  56  kc;  8d  kc  ^2  kc;  120  kc  kc; 

1 60  kc  kc 

Multiplex  level:  360  mv  rms 
IFS/N:  39  db 
Deviation  ratio:  2 

LPOF:  Constant  amplitude,  42  db/octave,  nominal  cutoff 
frequency  for  DR  =  2 

The  test  data  is  shown  in  Table  11-3.5-7  and  summarized  in  Table*  1-3.  6-6 
and  1-3.  6-7. 


3.  5.  3.  7  Combinational-Bandwidth  Baseb:,-.a 

The  combinational -bandwidth  multiplex,  IRIG  channels  1  through  11  and  constant- 
bandwidth  channels  1  through  21,  wan  evaluated  for  system  error  under  the  fol¬ 
lowing  conditions: 

Test  channels:  3.  0  kc  ±7,  5  "o:  5i>  kc  ±2  kc;  88  kc  ^2  kc;  120  kc  *2  kc; 

160  kc  ±2  kc 

iVIultiplcx  level:  635  mv  rms;  600  mv  rms  for  CBW  channels  and 
210  mv  rms  for  IRIG  channels 

IF  S/N;  39  db 

Deviation  ratio:  2  for  CBW  channels,  5  for  IRIG  channels 

LPOF:  Constant  amplitude,  42  db/octave  in  the  CBW  channels 
and  18  db/octave  in  the  IRIG  channels,  nominal  cutoff  frequency 
for  specific  deviation  ratio. 

The  test  data  is  shown  in  Table  II-3.  5-8  and  siimmarized  in  Tables  1-3. 6-8  and 
1-3.  6-9. 
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FIGURE  II-3.  5-1 

SYSTEM  ERROR  TEST  BLOCK  DIAGRAM 
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TABLE  11-3.  5-3 

SYSTEM  ERROR  TEST  DA  TA 


System  Description: 

IF  Sign  l-to-Noisc  Ratio: 
Discriminator  Full  Scale  Output:  )/)  |/ 
Disc  riminator  Channel: 
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TABLE  U-3.  5-4 

SYSTEM  ERROR  TEST  DATA 


Sv»t»  m  Dt'iicription:  leU 
IF  Si)jnal-to-Nojf c  Ratio: 

Dimc  riminator  Full  Scalt’  Output:  /Ou 
Disi  rjminator  Channel:  '7C>.0KLtr 

Rf'sidual  Noise:  Full  Multiplex  _2 
Full  Scale  Level  at  Summing  Point: 


Receiver  AGC  Voltage:* 


kffUYmk%  Search  Channel  Onl 
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Full  Multiplex: 

Phase  Null  Only 
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Search  Channel  Only: 
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Residual  Noise:  Full  Multiplex  _2i 
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TABLE  U-3.  5-4  (CONT'D»  ) 
SYSTEM  ERROR  TEST  DATA 


Synti’m  Dricription;  ^  j  UhOf4jf  J  DJ^-/4  ^ 

IF  Signal-to-Noise  Ratio:  cLo _ _  ' _ 

Discriminator  Full  Scale  Output:  /0\J?P  Receiver  AGC  V'oltage:—  ^  ,  SjjJ^ 
Discriminator  Cliannel:  7.3ir^ct7.^'%,Ve-/ 

Residual  Noise:  Full  Multiplex  ^  Search  Channel  Only  S 

Full  Scale  Level  at  Summing  Point:  \J  vm  S _  1 0  •  ^ U  _ _ 


Full  Multiplex: 

Phase  Null  Only 
Phase  &  Amplitude  Null 
Search  Channel  Only: 
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Discriminator  Channel;  7.56'Act7.s'<>A,'Dj(’^3 
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TABLE  U-3.  5-4  (CONT'D. ) 
SYSTEM  ERROR  TEST  DATA 


Systt-m  Dcacription; 

IF  Signal-to-Noise  Ratio: 
Discriminator  FuU  Scale  Output:  M 
Discriminator  Channel: 


Receiver  AGC  Voltage:  “ 


Residual  Noise:  Full  Multiplex  O  Q  ^ 

Full  Scale  Level  at  Summing  Point: 
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Full  Multiplex: 
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Discriminator  Channel:  33.0/<ct7.^-yo 
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TABLE  II-3.  5-4  (CONT'D. ) 

SYSTEM  ERROR  TESI  DATA 

SyMtt  rn  Drucription: 

IF  Signal-to-Noi*c  Ratio:  _ 

Discriminator  Full  Scale  Output;  _  Receiver  ACC  Vottage:-^.^ 

Discriminator  Channel:  ■5.0XCt7.^^/c,.l>2-l _ 

Residual  Noise.  Full  Multiplex  Search  Clianne  I  Only^ 

Full  Scale  Level  at  Summing  Point;  "St  and 
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TABLE  U-3.  5-4  (CONT*a  ) 
SYSTEM  ERROR  TES  I  DATA 


Syt»ti'm  Description:  jejc yf^PjP=/*^ 

IF  Signal -to- Noise  Ratio:^  _ ; _ 

Discriminator  Full  Scale  Output:  Receiver  ACC  Voltage:-* 

Discriminator  Channel:  960  ty.tro/o  fVe^rJ _ _ 

Residual  Noise;  Full  Multiplex  6  7 mu  rmi  Search  Channel  Only 
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TABLE  II- 3.  5-5 
SYSTEM  ERROR  TES  I  DATA 


System  Description!  £ftpi>JcJ  /IIj-§0^4  Z/ 

IF  Signal-to-Noisc  Ratio: 
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Residual  Noise:  Full  Multiplex  Scare  h  CluinruT  Qtily  ^ 


Full  Scale  Level  at  Summing  Point;  /^OPP 


ind 


TiSlJL 


7V« 

0. 

\T 

m 

0.  1 

‘m 

2i7^\f\ 

1  .  0  f 

; _ _ m_J 

m  V 

m  V 

ms' 

m  V 

rn  V 

mv 

Full  Multiplex: 

rm  s 

P-P 

r  m  s 

p-P 

nn  s 

P-P 

Phase  Null  Only 

— 

Hb 

Phase  it  Amplitude  Null 

/do 

//c 

/6'‘ 

Search  Channel  Only; 

Phase  Null  Only 

- - 

/tr 

90 

/&</ 

Phase  it  Amplitude  Null 

7d 

ZiL 

/3 

Discriminator  Channel:  )3.^  kcri.'iCO/o,!)  9-- A- 

Residual  Noise:  Full  Multiplex  J  3 Search  Channel  Only  rtp*  J 


Full  Scale  Level  at  Summing  Point:  l)  p  P _ and 


0,  3  f 

_ m _ 

9j<?cpj 

0.  5  V 

_ DT _ 

/SCfdcpi 

‘■"C 

Full  Multiplex: 

mv 

xms 

m  V 

D-D 

m  V 

.  .rms 

mv 

D-P 

m  v 

rms 

m  Y- 

D  -  n 

Phase  Null  Only 

?9 

)  (pt 

r/ 

2i'o 

Phase  8i  Amplitude  Null 

)2o 

/(.i' 

)30 

Search  Channel  Only: 

Phase  Null  Only 

— 

— - 

/•/o 

to 

s?ir 

Phase  &  Amplitude  Null 

r<j 

JX- 

/ad 

JL2^ 

y/> 

/  ef  3 


Date 


! 


Name 


uy.  Bs-i 


-267- 


TABLE  II-3.  5-5  (CONT'D.  ) 
SYSTEM  ERROR  TEST  DATA 


Systt  rn  Dr  sc  ription: 

IF  Signal-to- No'.sc  Ratio;  ?>9  dh 
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TABLE  II-3.  5-6 
SYSTEM  ERROR  TEST  DATA 


System  Dt' sc r ipt ion : 

IF  Sijfnal-to-Noisr  Ratio:  ■^9cib  _ 
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TABLE  11-3.  5-6  (CONT'D.  ) 

S  Y  .S  1  y.  M  F  P  O  R  T :  S  I  !  >  A  I  \ 


Sv»*ti  w  Description 
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TABLE  11-3.5*7 

SYSTEM  ERROR  TES  f  DATA 


Sy»t.m  Dciicription:  JlJi 

ir  Signal>to> Notse  Ratio*  .  3?  dk _ _ _ _ _ _ — 


Di!»«l  riminalor  Full  Seal*-  Output:  /0\i  P  ^  Rccc  ivi*r  AGC  Voltage:  0  oAc 

Di»i  riminator  Channel:  ^ Q  JfC  f  ^  ,  V  2  _ 
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TABLE  n-3.  5-7  (CONT*D.  ) 

SYS!  EM  ERROR  TE.S  I  DATA 


SyMtm  De  scription: 

IF  Signal-tO'Noitc  Ratio-  3  y  yi 
Discriminator  Full  Scal»*  Output: 

DiSi  riminator  Channr^l:  ^  ^  i}“C>  Hi 

Residual  Noise:  P'ull  Multiplex  M 
Full  Scale  Level  at  Summinjj  Point: 


Full  Multiplex: 

Phase  Null  Only 
Phase  8i  Amplitude  Null 
Search  Channel  Only: 

Phase  Null  Only 
Phase  Amplitude  Null 

Disc  riminator  Channel:  _ ^0  y ss  ^ 

Residual  Noise:  Full  Multiplex  ^  ^ 
Full  Scale  Level  at  Summing  Point: 
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TABLE  II-3.  5-8 

SYSTEM  ERROR  TEST  DATA 


Syntrm  Dr i>c r iption- 
IF  Signal-to-Noi*r  Ratio- 
D»sc  riminator  Full  St  air  Output:  JJhi 
D»«ti  riminator  Channrt:  ^  C>SK)^ 
Rt'^idual  Noise:  Full  Multiplex  ^ 
Full  .Scale  I-evel  at  Summing  F^oint: 


Full  Multiplex: 

Phase  Null  Only 
Phase  k  Amplitude  Null 
Search  Channel  Only; 
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Phase  &  Amnlituc.  Null 
Discriminator  Channel:  /^>  C  , 

Residual  Noise:  Full  Multiplex  JiL 
Full  Scale  Level  at  Summing  Point: 
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Phase  Null  Only 
Phase  it  Amplitude  Null 
Search  Channel  Only: 
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Phase  &  Amplitude  Null 
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TABLE  11-3.  5-8  (CONT'D.  ) 

SYSTEM  ERROR  TESI  DA  I  A 


Sv»t,  m  D,  .cription  kl iUna^l  SdnJMtjJJL 

IF  SignaUto-Noiic  Ratio'  39^3 _ 
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TABLE  n-3.  5-8  (CONT'D.  ) 
SYSTEM  ERROR  TEST  DATA 


!y»t*  m  D«  »cr>ptton  H  ^  Q  ^  < 

F  Sifjnat ‘to- Noise  Ratio: 

)i»i  rimin.1  tor  Full  Siale  Output:  -LQ. 
)isi  runinator  ChannrT:  ^  Faco, 
Residual  Noise:  Full  Multiplex 
Full  Scale  Level  at  Sunnming  Point: 


Full  Multiplex; 

Phase  Null  Only 
Phase  b  Amplitude  Null 
Search  Channel  Only: 

Phase  Null  Only 
Phase  h  Amplitude  Null 
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Residual  Noise;  Full  Multiplex 
f'ull  Scale  Level  at  Summinin  Point: 


Full  Multiplex: 

Phase  Null  Only 
Phase  Amplitude  Null 
Search  Channel  Only: 

Phase  Null  Only 
Phase  k  Amplitude  Null 
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3.  ()  TAPE-RECORDER  ERRORS 

3.  6.  I  General 

The  tape-recorder  error  test  was  made  to  determine  the  effect  of  pott -detection 
recording  on  the  system  performance^  The  test  was  accomplished  uPi<v»^  the  sys¬ 
tem  block  diagrams  shown  in  Figure  II-3.0-I  for  the  proportiona!  basebands, 
and  Figures  11-3.0-2  and  11-3.0-3  for  the  constant-  and  combinauonal-bandwidth 
basebands.  In  all  cases  the  mixer  amplifier  de-emphasizes  the  receiver  output 
and  adds  the  reference  tone  to  the  total  multiplex.  The  de-cmpf;a8is  network 
was  a  simple  RC  network  in  the  input  of  the  mixer  amplifier  driven  by  the  re¬ 
ceiver  output.  In  all  cases  the  level  of  tihie  reference  oscillator  signal  is  twice 
the  level  of  the  highest  frequency  channel  in  the  multiplex. 

To  determine  the  effect  of  the  addition  of  the  tape  recorder,  the  «  ystem  was 
first  operated  with  the  tape  recorder  bypassed,  i.e.,  the  mixer  output  feeding 
directly  into  the  remainder  of  the  ground  system.  The  discriminator  c-’tput 
noise  is  measured  and  then  the  tape  recorder  was  included  in  the  system  and 
the  test  repeated.  Measurements  were  made  with  and  without  tape-speed  com¬ 
pensation  for  the  test  channel  unmodulated  at  center  frequency  and  at  bandedge. 

In  addition  to  the  test  for  increase  in  channel  output  noise  due  to  the  inclusion 
of  the  tape  recorder,  the  intermodulation  test  (Section  3.  3)  was  repeated  on  the 
constant-  and  combinational-bandwidth  multiplexes  with  the  tape  recorder  in¬ 
cluded  in  the  system.  , 

3.6.2  Detailed  Procedure  for  Tape-Recorder  Error  Test 

a.  Calibrate  all  VCOs. 

b.  Deviate  all  channels,  v/ith  the  exception  of  the  test  channel,  full  band¬ 
width  at  the  maximum  modulation  frequency  ”  the  particular  deviation  ratio. 

c.  Allow  the  receiver  AGC  to  assun.  normal  operating  condition. 

d.  The  IF  carrier-to-noise  ratio  should  he  greater  than  20  db. 

e.  Set  subcarrier  discriminator  output  for  10  volts,  peak-to-peak. 

f.  Adjust  the  referer.ce  oscillator  output  for  a  level  equal  to  twice  the 
level  of  the  highest  channel  in  the  m-ultiplex. 

g.  Adjust  the  tape-recorder  input  and  output  for  normal  record  level. 

h.  Measure  the  rms  discriminator  output  noise  at  center  frequency  and 
low  bandedge  with  and  without  the  tape  recorder  bypassed  and  also  with  and  with¬ 
out  tape -speed  compensation. 
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3.6.3  Results  of  Tape  Recorder  £t ror  Tett 

Measured  d'-ita  and  experimental  conditions  described  in  illustrations  numbered 
with  II  are  included  :n  this  volume.  Summarized  data  and  conclusions  are  pre¬ 
sented  in  Volume  I  in  illustrations  numbered  with  I. 

3.  6.  3.  1  IRIG  Baseband 

The  IRIG  baseband  channels  1  through  18  were  evaluated  for  tape-recorder  er¬ 
ror.  The  detailed  condif'ons  were: 

Test  channels;  70.  0  kc  .  5%;  3.  0  kc  *7.  5% 

Deviation  ratio:  5 

De -emphasis  corner  frequency:  4  kc 

Discriminator  full -bandwidth  output:  10  volts  peak-to-peak 

Tape  T  ,corder:  Mincom  G107 

Tape  speed;  60  ips 

Re  cold  level:  l.Ov  rms 

IF  S/N  ratio;  39  db 

Table  II-3.  6-1  shows  the  measured  data  for  the  IRIG  baseband  evaluation.  A 
summary  of  the  data  is  shown  in  Table  1-3.  7-1. 

3.6.  3.  Z  IRIG  Baseband--Wideband  Channel 

The  IRIG  baseband  containing  a  wideband  channel  in  the  highest  frequency  posi¬ 
tion  was  evaluated  for  tape-recorder  error.  The  detailed  conditions  were: 

Test  channels:  70  kc  ±7.  5%;  3  kc  ±7.  5% 

Deviation  ratio:  5 

De -emphasis  corner  frequency:  4  kc 
I  Discriminator  full -bandwidth  output:  0  volts  peak-to-peak 

Tape  recorder:  Mincom  G107 
Tape  speed:  60  ips 
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Record  level:  l.Ovrm^ 

IF  S/N  ratio:  39  db 

Table  11-3.6*2  ehowe  the  measured  data  for  the  wideband  IRIG  baseband  evalua* 
tion.  A  summary  of  the  data  is  shown  in  Table  1-3.  7-1. 

3.  6.  3.  3  IRIG  Baseband--Oeviation  Ratio  of  1  and  2 

The  IRIG  baseband,  channels  1  through  18  operating  at  deviation  ratios  1  and  Z, 
was  evaluated  for  tape-recorder  error.  The  detailed  conditions  were: 

Test  channels:  70.  0  kc  ±7.  5%;  22.  0  kc  *7.  5%;  7.  35  kc  *7.  5%; 

3.  0  kc  *7.  5%;  960  cps  *7.  5% 

Deviation  ratio:  1  and  2 

De -emphasis  corner  frequency:  4  kc 

Discriminator  full -bandwidth  output:  10  volts,  peak-to-peak 

Tape  recorder:  Mincom  G107 

Tape  speed:  60  ips 

Record  level:  l.Ov,  rms 

IF  S/N  ratio:  39  db 

Table  II-3.  6-1  shows  the  measured  data  for  the  70  kc,  22  kc,  7.  35  kc,  3  kc, 
and  960  cycle,  respectively,  for  a  deviation  ratio  of  1  and  2.  The  data  is  sum¬ 
marized  in  Table  1-3.  7-1. 

3.  6.  3.  4  Expanded  Baseband 

The  expanded  baseband,  channels  1  t'  rough  21,  was  evaluated  for  tape-recorde 
errors.  The  detailed  conditions  were: 

Test  channels:  165  kc  ±7.  5%;  124  kc  ±7.  5%;  93  kc  ±7.  5%; 

70  kc  ±7.  5%;  3  kc  ±7.  5% 

Deviation  ratio:  5 

De-emphasis  corner  frequency:  25  kc 
Tape  recorder:  Mincom  G107 

Discriminator  output  FB'  10  volts,  peak-to-peak 
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Tap«  spc«d:  60  ips 
Record  level:  l.Ov,  rm* 

IF  S/N  ratio:  39  db 

Table  11-3.6-3  shows  the  tape-speed  errors  for  the  expanded-baseband  channels 
operating  at  a  deviation  ratio  of  5.  The  data  is  summarized  in  Table  1-3.  7-Z. 


3.  6.  3,  5  Expanded  Baseband--Wideband  Channel 

The  expanded  baseband  was  operated  with  a  wideband  channel  in  the  highest  fre¬ 
quency  position.  The  tape-recorder  erroi.^  were  evaluate  i  for  channels  1  through 
19  plus  channel  H.  The  detailed  conditions  were: 

Test  channels:  165  kc  *15%;  93  kc  *7.5%;  70  kc  *7.5%; 

3  kc  *7.  5% 

Deviation  ratio:  5 

De-emphasis  corner  frequency:  25  kc 

Discriminator  full-bandwidth  output:  10  volts,  peak-to-peak 

Tape  recorder:  Mincom  G107 

Tape  speed:  60  ips 

Record  level:  l.Ov,  rms 

IF  S/N  ratio:  39  db 

Table  II-3.  6-4  shows  the  performance  of  the  expanded  baseband  including  the 
wideband  channel.  The  data  is  summarized  in  Table  1-3.  7-2. 


3.  6.  3.  6  Constant -Bandwidth  Baseband 

The  constant -bandwidth  multiplex,  channels  1  through  21,  was  evaluated  for 
tape-recorder  errors  under  the  following  conditions: 

Test  channels:  56  kc  *2  kc;  80  kc  *2  kc;  120  kc  *2  kc; 

160  kc  ±2  kc 

Deviation  ratio:  2 

De -emphasis  corner  frequency:  40  kc 
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Discriminator  full -bandwidth  output;  20  volts,  peak-to-p«ak 

Tape  recorder;  Ampex  modified  FR  1400 

Tape  speed:  120  ips 

Record  level  0.  5v,  rms 

IF  S/N  ratio:  39  db 

The  data  is  contained  in  Table  II-3.6-5  and  summarized  in  Table  1-3.  7-5. 

3.  6.  3.  7  Combinational-Bandwidth  Baseband 

The  combinational-bandwidth  multiplex,  IRIC  channels  1  through  11  and  con¬ 
stant-bandwidth  channels  1  through  21,  was  evaluated  for  tape-recorder  er¬ 
rors  under  the  following  conditions: 

Test  channels:  3.  0  kc  ±7.  5%:  56  kc  ^2  kc;  88  kc  ±2  kc; 

120  kc  ±2  kc;  160  kc  ±2  kc 

Deviation  ratio:  5  for  IRIG  channels;  2  for  CBW  channels 

Discriminator  full-bandwidth  output:  20  volts,  peak-to-peak 

De- emphasis  corner  frequency:  40  kc 

Tape  recorder:  Ampex  modified  FR  1400 

Tape  speed:  120  ips 

Record  level:  Oc  5v  rms 

IF  S/N  ratio:  39  db 

The  data  is  contained  in  Table  II-3.  6-6  and  summarized  in  Table  1-3.  7-6. 

3.6.4  Tape-Recorder  Intermodulation  Test 

The  inter  modulation  test,  described  in  Section  3.  3,  was  repeated  with  the  tape 
recorder  in  the  system.  All  conditions  for  the  test  are  identical  to  those  given 
above  in  Section  3.6.  3.  The  data  photographs  are  shown  in  Figures  U-3.  6-7 
through  II-3.  6-10  and  summarized  in  Table  1-3.  7-6. 
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TABLE  n-3.  6-1 

TAPE  SPEED  ERROR  TEST  DATA 
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TABLE  II-L  6-6 

TAPE  SPEED  ERROR  TEST  DATA 


CN 

ro 

\mm 

0 

u  > 

C  £ 

\ 

o 

Oo 

20 

’S. 

o 

£ 

t/5 

•c 

i. 

0  s 

:  S' 

0  cc 
2  c 

u 

Ui 

H 

> 

u  B 

I 

o 

Oo 

ixi 

tiCi 

Q 

On 

»o 

■v^ 

a 

rv 

-<  a 

3  rt 

O-H 

3  «> 

0  g 

X 

c 

0 

u:  > 
c;  £ 

a 

Do 

VD 

On 

's 

•D 

q: 

Hi 

u 

in 

H 

u  > 
o  E 

% 

o 

Cxi 

nj 

Cxa 

Do 

Ci 

6q 

>o 

lie  Output 

O 

CQ  E 

Oo 

o 

N 

Vi 

>« 

Ci 

\ 

'O 

u 

trt 

— 

"3 

u> 

»• 

c 

“TJ 

B)  fc* 

•  O 

^  u 

0  tl 

Z  a 

u 

t/J 

h 

^  r 

u  £ 

-S. 

nS 

Vi 

Oo 

•V 

t>o 

Vi 

•>v 

0 

/O 

c 

i 

•w* 

S  Cl. 

3  H 

0  X 

% 

c 

O 

w  > 
CQ  E 

Vi 

nc 

Vi 

■S. 

Vi 

Oo 

O 

•4P< 

Q 

u 

i/i 

H 

u,  > 
u  B 

0^ 

o>. 

V 

v>^ 

\ 

<1 

v:i 

-s' 

q: 

D 

‘n 

< 

v:; 

K 

o  « 

n  a 

S 

Vi 

V* 

Ci 

Vi 

■N. 

o 

Vi 

Vi 

Vi 

o 

v:> 

\ 

> 

c 

0 

a 

t. 

u 

• 

D 

C 

ft 

c 

c 

U 

>• 

u 

c 

ft 

3 

S' 

*« 

"ftl 

Cl 

Vi 

'ic 

Vi 

o 

Vi 

vx 

4.1 

oo 

Oo 

'O 

•n 

K 

4.1 

O 

O 

kS 

«/ 

*• 

• 

> 

tr 

1 

> 

oo 

-287- 


Name:  _ Date;  3 


Quuia«l  6»  56.  0  kc  ^  kc 
RMS  Lmvl  s  114  mv  max. 
OR  *  2 


Channel  10,  88.  0  kc  ±Z  kc 
RMS  Level  *  90  mv  max. 
DR  s  2 


Channel  14,  120.  0  kc  ±2  kc 
RMS  Level  »  98  mv  max. 
DR  =  2 


Channel  19,  160.  0  kc  ±Z  kc 
RMS  I.avel  =106  mv  max. 
DR  *  2 


LEE 


HBE 


Horizontal:  5  sec/cm 


Vertical:  2.  5%  FEW /cm 


FIGURE  n-3.  6-7 

TAPE  RECORDER  INTERMODULATION  TEST  DATA: 
CONSTANT  BANDWIDTH  MULTIPLEX 


LBE  CF  HBE 

Horizontal:  5  sec /cm 


IRIC  Channel  8,  3.  0  kc  ±7,  5% 
DR  a  5 

RMS  Level  s  13.  5  mv  max. 
Vertical:  0.  5%  FBW/cm 


CBW  Channel  6,  56.  0  kc  ^2  kc 
DR  =  2 

RMS  Level  s  205  mv  max* 
Vortical:  2.  5%  FBV//cm 


CBW  Channel  10,  88.  0  kc  ±2  kc 
DR  =  2 

RMS  Level  =  112  mv  max. 
Vertical:  2.  5%  FBW/cm 


FIGURE  n-3.  6-8 

TAPE  RECORDER  INTERMODULATION  TEST  DATA: 
COMBINATIONAL  BANDWIDTH  MULTIPLEX,  IRIG  CHANNEL  8, 

CBW  CHANNELS  6  AND  10 
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CBW  Channel  14,  120.  0  kc  ±Z  kc 
DR  *  2 

RMS  Level  *118  mv  max. 
Vertical:  2.  5%  FBW/cm 


CBW  Channel  19*  160.  0  kc  ieZ  kc 
DR  s  2 

RMS  Level  s  136  mv  max. 
Vertical:  2.  5%  FBW/cm 


Horizontal:  5  sec/cm 


FIGURE  n-3.  6-9 

TAPE  RECORDER  INTEMODULATION  TEST  DATA: 
COMBINATIONAL  BANDWIDTH  MULTIPLEX.  CBW  CHANNELS  14  AND  19 
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With  Tape  Recorder 
RMS  Level  s  7i  mv  max. 


Without  Tape  Recorder 
RMS  Level  =  48  mv  max. 


LBE 

CF 

HBE 

Horizontal: 

5  sec/cin 

Vortical:  2.  5%  FBW/cm 

Search  Channel:  CBW  Channel  6,  56.  0  kc  ±Z  kc,  OR  s  2 


FIGURE  n-3.  6-10 

TAPE  RECORDER  INTERMODULATION  TEST  DATA: 
COMBINATIONAL  BANDWIDTH  MULTIPLEX, 

NO  RF  LINK,  CBW  CHANNEL  6 
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3.  7  PULSE  MODULATION 

3.  7.  1  PAM/FM/FM  System  Test 


3.  7.  1.  1  General 

The  PAM/FM/FM  test  was  made  to  determine  the  system  accuracy  for  pulse- 
amplitude  modulation  (PAM).  Since  the  system  used  in  this  evaluation  program 
includes  all  equipment  from  the  VCO  input  to  the  subcarrier  discriminator  out¬ 
put,  errors  due  to  sampling  and  data  interpolation  are  not  considered.  The  PAM 
error  of  interest  is  interchannel  (pulse-to-pulse)  crosstalk  caused  by  various 
filters  in  the  system  and  appearing  as  limited  output  rise  and  fall  times.  For 
example,  if  one  pulse  is  at  zero  scale  and  the  next  at  full  scale,  the  output  can¬ 
not  rise  to  its  new  value  instantaneously.  A  sampling  detector  was  assumed  in 
the  decommutator;  therefore,  if  the  output  reaches  its  full  value  (steady-state 
condition)  within  the  pulse  duration  time  no  error  is  assumed,  e.  g. ,  if  the  pulse 
can  be  sampled  at  its  full  height,  no  crosstalk  error  occurs.  Thus,  the  cross¬ 
talk  error  test  is  reduced  to  determining  at  what  degree  the  pulse  reaches  its 
full  steady-state  value.  Since  the  worst-case  crosstalk  occurs  when,  the  output 
must  traverse  the  greatest  distance,  the  test  PAM  wave  train  consisted  of  a  zero- 
scale  pulse  followed  by  three  full-scale  pulses  and  then  another  zero-scale  pulse. 
The  discriminator  output  was  observed  using  a  Tektronix  type  Z  plug-in  which  al¬ 
lows  the  exact  full-scale  voltage  to  be  subtracted  from  the  pulse  train  and  the  re¬ 
sulting  error  examined.  Data  was  recorded  by  photographing  the  oscilloscope  dis¬ 
play.  The  sampling  time  was  periodic  and  positioned  so  that  a  minimum  error 
would  occur. 

For  each  proportional-bandwidth  baseband,  the  wideband  channel  was  modulated 
with  PAM  at  900  sps  for  the  IRIG  baseband  and  2100  sps  for  the  expanded  base¬ 
band.  The  subcarrier  discriminator  18  db/octave  LPOF  was  operated  at  its 
normal  cutoff  frequency  for  a  deviation  ratio  of  5.  This  condition  is  approxi¬ 
mately  correct  for  sampling  type  decommutators.  Figure  II-3.7-1  shows  the 
block  diagram  of  the  test  setup. 


3.7.  1.2  Detailed  Procedure 

a.  Calibrate  all  VCOs. 

b.  Deviate  all  channels  with  the  exception  of  the  test  channel,  full  band¬ 
width  at  the  maximum  modulating  frequency  for  a  deviation  ratio  of  5. 

c.  Allow  the  receiver  AGC  to  assume  its  normal  operating  condition. 

d.  The  IF  carrier-to-noise  ratio  should  be  greater‘  than  20  db. 

e.  Deviate  the  test  channel  full  bandwidth  at  the  appropriate  pulse  rate 
with  the  output  of  the  PAM/PDM  simulator. 
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f.  Set  subcarrier  discriminator  output  for  ZOv,  peak-to-peak 

g.  With  a  Tektronix  type  Z  plug-in,  determine  the  error  from  full  scale 
at  duty  cycles  of  40,  50,  and  70%.  (The  PAM  simulator  does  not  have  a  65% 
duty  cycle  position;  therefore,  70%  is  used  instead.) 


3.  7.  1.  3  Results 


3.  7.  1.  3.  1  IRIG  Baseband 

The  IRIG  baseband  channels  1  through  16  plus  channel  E  were  evaluated  with 
PAM  on  channel  E.  The  detailed  conditions  were: 

Sample  rate:  900  samples  per  second 

Test  channel:  70  kc  ±15% 

LPO..':  2100  cps  constant  delay,  18  db/octave  type 
Discriminator  FBW  output:  20v,  peak-to-peak 
IF  S/N  ratio:  39  db 

Figure  II-3.  7-2?.  shows  a  photograph  of  the  system  input  and  output  with  no  ver¬ 
tical  scale  expansion.  Figure  II-3.  7-2b  shows  the  discriminator  output  using  the 
Tektronix  type  Z  plug-in.  The  top  trace  is  the'  system  input  and  the  bottom  trace 
is  the  system  output.  The  two  middle  traces  are  the  system  output  minus  full- 
scale  voltage.  The  straight  line  thus  represents  zero  error  for  full-scale  modu¬ 
lation.  The  expanded  PAM  pulses  are  shown  just  below  the  zero  reference  line. 
Thus,  using  a  sampling  detector,  an  instantaneous  sample  could  be  taken  any¬ 
where  within  50  ^isec  and  produce  an  error  less  than  0.  5%  of  FBW.  The  data 
in  Figure  II-3.  7-3  shows  the  performance  for  40%  and  70%  duty-cycle  PAM. 


3.  7.  1.  3.  2  Expanded  Baseband 

The  expanded  baseband,  channels  1  through  19  plus  channel  H,  was  evaluated 
with  PAM  on  channel  H.  The  detailed  conditions  are: 

I 

Sample  rate:  2100  sps 

I 

Test  channel:  165  kc  ±15% 

LPOF:  4950  cps  constant-delay  18  db/octave  type 
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Discriminator  FBW  output:  20v,  p«ak-to«peak 
IF  S/N  ratio:  39  db 

Figure  II-3.  7-4a  shows  a  photograph  of  the  system  input  and  output  with  no 
vertical  scale  expansion.  Figure  II-3.  7-4b  shows  the  discriminator  output 
using  the  Tektronix  type  Z  plug-in.  The  photographs  present  similar  data 
described  in  Section  3.  7.  1.  3.  1  for  the  IRIG  baseband.  Figure  11-3.  7-5  shows 
the  performance  for  40%  and  70%  duty-cycle  PAhl. 


3.  7.  2  PDM/FM/FM  System  Test 

3.  7.  2.  1  General 

The  POM/FM/FM  test  was  made  to  determine  ^he  system  accuracy  for  pulse 
duration  modulation  (PDM).  For  each  proportional -bandwidth  baseband, 
the  wideband  channel  was  modulated  with  PDM  at  900  sps  rate  for  the  IRIG 
baseband  and  2100  sps  for  the  expanded  baseband.  The  zero-  and  full-scale 
pulse  lengths  are  standard  at  100  and  700  microseconds,  respectively,  for  the 
expanded  baseband.  The  discriminator  low-pass  output  filter  used  was  a  con¬ 
stant  delay,  18  db/octave  type  with  the  cutoff  frequency  equal  to  five  times  the 
repetition  rate.  The  cutoff  frequency  was  selected  to  be  as  narrow  as  possible 
without  affecting  the  zero-scale  pulse  duration. 

In  all  cases,  photographs  were  taken  of  the  oscilloscope  display  to  show  the 
variation  in  pulse  duration.  In  addition  to  the  pulse  duration  measurements, 
the  adjacent  channel  in  each  baseband  was  checked  for  ah  increase  in  inter¬ 
modulation  (crosstalk)  noise  due  to  the  PDM.  The  block  diagram  for  the  test 
is  identical  to  the  PAM  test  setup  shown  in  Figure  II-3.  7-1. 


3.  7.  2.  2  Detailed  Procedure 

a.  Calibrate  all  VCOs. 

b.  De  viate  all  channels  with  the  exception  of  the  test  channel  full  band¬ 
width  at  the  maximum  modulating  frequency  for  a  deviation  ratio  of  5. 

c.  Set  the  receiver  AGC  to  its  normal  operating  condition. 

d.  The  IF  signal-to-noise  ratio  should  be  greater  than  20  db. 

e.  Deviate  the  test  channel  full  bandwidth  at  the  appropriate  pulse  rate 
w'ith  the  output  of  the  PAM/ PDM  simulator. 

f.  Set  subcarrier  discriminator  full-scale  output  for  20v  peak-to-peak. 
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g.  Observe  and  photograph  the  dual-trace  oscilloscope  display  of  the 
PDM  input  and  discriminator  output  waveform. 

h.  Repeat  the  intermodulation  test  (described  in  Section  3.  3)  on  the  ad* 
jacent  channel  for  both  7.  5%  and  1  PDM  deviation  of  the  test  channel. 


3.  7.  2.  3  Results 


3.  7.2.3.  I  IRIG  Baseband 

The  IRIG  baseband,  channels  1  through  16  plus  channel  E  was  evaluated  with 
PDM  on  channel  E.  The  detailed  conditions  were: 

Repetition  rate:  900  pulses  per  second 

Test  channel:  70  kc  ^15% 

LF*OF:  4500  cps,  constant-delay,  18  db/octave 
Discriminator  FBW  output:  20v  peak-to-peak 
IF  S/N  ratio:  39  db 
Zero-scale  pulse:  100  microseconds 
Full-scale  pulse:  700  microseconds 

Figure  11-3.  7-6  shows  a  photograph  of  the  system  input  and  output  for  0,  25, 

50,  75,  and  100%  full  scale  (FS)  PDM.  The  time  delay  through  the  system  is 
contained  in  this  photograph.  Figure  II-3.  7-7  shows  the  system  input  and  out¬ 
put  for  a  0  and  100%  FS  PDM  modulation  with  double  exposure  used  to  remove 
the  relative  system  delay  and  simplify  comparison  of  pulse  duration. 

The  effect  of  PDM  of  the  70  kc  A15%  channel  on  the  intermodulation  level  in  the 
40  kc  ±7.  5%  channel  is  shown  in  Figure  II-3.  7-8.  The  worst-case  intermodula 
tion  was  found  to  occur  with  all  channels  of  tne  PDM  input  at  100%  FS;  there¬ 
fore,  intermodulation  was  measured  with  this  PDM.  Figure  II-3.  7-8a  shows 
the  intermodulation  effect  for  full  ±15%  PDM  deviation  of  the  70  kc  ±15%  chan¬ 
nel  while  Figure  II-3.  7-8b  shows  the  same  effect  for  ±7.  5%  deviation.  No  dif¬ 
ferences  in  pulse  duration  were  found  between  ±7.  5%  or  ±15%  deviation. 


3.7.  2.3.2  Expanded  Baseband 

The  expanded  baseband,  channels  1  through  19  plus  channel  Hwas  evaluated 
with  PDM  on  channel  H.  The  detailed  conditions  were: 
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Repetition  rate:  2100  pulses  per  second 
Test  channel:  165  kc  ±15% 


LPOF:  10500  cps,  constant-delay,  18  db/octave 
Discriminator  FBW  output:  20v  peak-to-peak 
IF  S/N  ratio:  39  db 
Zero-scale  pulse:  50  microseconds 
Full-scale  pulse:  300  microseconds 

Figure  11-3.  7-9  shows  a  photograph  of  the  system  input  and  output  with  0,  25, 

50,  75,  and  100%  FS  PDM.  For  ease  of  comparison,  the  system  time  delay 
lias  been  removed  through  use  of  a  double  exposure.  Figure  II-3.  9-10  shows 
the  system  input  and  output  for  0  and  100%  FS  PDM  with  the  system  delay  re¬ 
moved. 

The  effect  of  PDM  of  the  165  kc  ±15%  channel  on  the  intermodulation  level  in 
the  93  ±7.  5%  channel  is  shown  in  Figure  II-3.  7-11.  The  worst-case  intermodu¬ 
lation  was  found  to  occur  with  all  channels  of  the  PDM  input  at  0%  FS;  there¬ 
fore,  the  intermcdulation  was  measured  with  this  modulation.  Figure  II-3.  7-1  la 
shows  the  intermodulation  effect  for  full  ±15%  PDM  deviation  and  Figure 
II-3.  7-1  lb  shows  the  intermodulation  for  ±7.  5%  deviation.  No  differences  in 
pulse  duration  were  found  between  ±7.  5%  and  ±15%  deviation. 


3.7.3  PCM/FM/FM  Systems  Test 

3.  7.  3.  1  General 

The  PCM/FM/FM  test  was  made  to  determine  the  bit-error  probability  for 
pulse -code  modulation  as  a  function  of  carrier-to-noise  ratio.  For  the  propor¬ 
tional-bandwidth  basebands,  the  wideband  channel  is  modulated  with  PCM  at 
21,  000  bits  per  second  for  the  IRIG  baseband  and  49,500  bits  per  second  for  the 
expanded  baseband.  In  each  case,  the  bit  rate  is  equal  to  the  bandwidth  of  the 
channel  and  the  channel  was  deviated  at  70%  of  full  bandwidth^  modula¬ 

tion  condition  has  been  shown  to  be  optimum  for  PCM/FM. '  ' 

^Experimental  Determination  of  Signal-to-Noise  Relationships  in  PCM/FM 
and  PCM/ PM  Transmission,  Interim  Report  for  NASA,  GSFC,  Contract  NAS 
5-505,  Electro-Mechanical  Research,  Inc.,  Sarasota,  Florida,  October  20,  1961. 

'  ^Telemetry  System  Study,  Final  Report,  Volume  II  of  III,  Experimental  Eyal- 
uation  Program,  U.S.  Army  Signal  Research  and  Development  Laboratories, 
Contract  No.  DA-36-039SC-73182,  Aeronutric,  Newport  Beach,  California, 
December  18,  1959 


An  EMR  Model  219  PCM  Signal  Conditioner  is  used  to  reconstruct  the  PCM 
output  of  the  wideband  subcarrier  discriminator.  The  discriminator  low-pass 
output  filter  (LPOF)  was  bypassed  and  the  PCM  output  signal  fed  directly  into 
the  signal  conditioner,  (Normally  the  LPOF  should  be  operated  several  times 
the  bit  rate;  however,  one  was  not  immediately  available. )  The  signal  condi¬ 
tioner  is  operated  in  the  filter  sample  mode,  i.e.,  a  constant-delay  input 
filter  followed  by  an  instantaneous  sampling  detector  is  used.  The  reconstructed 
PCM  wave  form  from  the  signal  conditioner  and  the  input  PCM  wave  train  are 
then  compared  in  the  bit -error  detector.  The  bit  errors  are  accumulated  in  an 
electronic  counter  for  a  fixed  interval  of  time,  thus  enabling  the  bit-error  prob¬ 
ability  to  be  calculated.  The  block  diagram  for  the  PCM  system  test  is  shown 
in  Figure  U-3.  7-12. 


3.  7.  3.  2  Detailed  Procedure 

a.  Calibrate  all  VCOs. 

b.  Deviate  all  channels  with  the  exception  of  the  test  channel  full  band¬ 
width  at  ^m  where  f^^  is  the  maximum  modulation  frequency  for  deviation  ratio 
of  5. 

c.  Hold  the  receiver  AGC  voltage  at  —4  volts  dc. 

d.  Set  the  subcarrier  discriminator  output  for  20  volts,  peak-to-peak. 

e.  Deviate  the  test  channel  70%  full  bandwidth  at  the  appropriate  PCM 
rate  with  the  output  of  the  PCM  random  bit  generator, 

f.  Set  the  IF  carrier-to-noise  ratio  to  greater  than  20  db. 

g.  Operate  the  EMR  Model  219  Signal  Conditioner  at  the  appropriate 
rate  and  in  the  filter-sample  mode. 

h.  Adjust  the  delay  in  the  bit-error  detector  to  align  the  input  PCM 
waveform  and  the  reconstructed  waveform.  Under  this  condition,  there  should 
be  no  errors  occuring  at  the  output  of  the  bit-error  detector. 

i.  Invert  the  output  of  the  PCM  signal  conditioner  and  count  the  errors 
that  occur  at  the  output  of  the  bit-error  detector.  The  number  of  errors  should 
equal  the  bit  rate.  Set  the  signal  conditioner  to  normal  output. 

j.  Select  appropriate  carrier-to-noise  ratios  and  determine  the  error 
count  at  each  carrier-to-noise  ratio. 

k.  The  bit-error  probability  can  be  calculated  from  the  number  of  er¬ 
rors  that  occur  in  the  total  interval  measured  divided  by  the  total  number  of  bits 
occuring  in  that  same  interval. 
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1.  Repeat  the  inter  modulation  teat  de  acri  bed  in  Section  3.  1.  on  the 
adjacent  lower  channel. 

3.  7.  3.  3  Results 


3.  7.  3.  3.  1  IRIG  Baseband 

The  IRIG  baseband,  channels  1  through  16  plus  channel  E  was  evaluated  with 
PCM  on  channel  E.  The  detailed  conditions  were:  j  ' 

Repetition  rate:  21,000  bits  per  second 

Test  channel:  70  kc  ±15% 

LPOF:  None  (bypassed) 

Discriminator  full -bandwidth  output:  20  volts,  peak-to-peak 

Table  II-3.  7-13  shows  the  bit-error  rates  measured  with  the  various  carrier- 
to-noise  ratios.  The  effect  of  the  random  bit  PCM  modulation  the  70  kc  ±15% 
channel  on  the  intermodulation  (crosstalk)  level  in  the  40  kc  ±7.5%  channel  is 
shown  in  Figure  11-3.  7- 14a.  The  effect  of  intermodulation  for  an  alternate 
ONE /ZERO  bit  pattern  is  shown  in  Figure  11-3.  7- 15a. 

3.  7.  3.  3.  2  Expanded  Baseband 

The  expanded  baseband  channels  1  through  19  plus  channel  H,was  evaluated 
with  PCM  modulation  on  Channel  H.  The  detailed  conditions  were: 

Bit  rate:  49,  500  bits  per  second 

Test  channel:  165  kc  ±15% 

LPOF:  None  (bypassed) 

Discriminator  full -bandwidth  output:  20  volts,  peak-to-peak 

Table  11-3.  7-13  shows  the  bit-error  rate  for  PCM  operation  of  the  expanded 
baseband.  The  effect  of  the  random-bit  PCM  modulation  of  the  165  kc  ±15% 
channel  on  the  intermcdulation  level  in  the  93  kc  ±7.3%  channel  is  shown  in 
Figure  11-3.  7-14b.  The  intermodulation  for  an  alternate  ONE/ZERO  bit  pat¬ 
tern  is  shown  in  Figure  11-3.  7-1 5b. 
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remainder  of 

MULTIPLEX 


figure  II-3.  7-1 
PAM/PDM  BLOCK  DIAGRAM 


Diacriminator  Output 
Vertical  Scale: 
5V/cm 

{25%  FBW/cm) 

PAM  Input 

Vertical  Scale: 
IV/cm 

(20%  FBW/cm) 

orizontal  Scale: 

1  ma/cm 


PaM  input  and  output  -  NO  SCALE  EXPANSION 


PAM  Input 

Vertical  Scale: 
lOV/cm 

Full  Scale  Level 
Vertical  Scale: 

0.  05V/cm 

(0.  25%  FBW/cm) 

Discriminator  Output 
Vertical  Scale: 

0.  05V/cm 

(0.  25%  FBW/cm) 

Discriminator  Output 
Vertical  Scale: 
25V/cm 

rizontal  Scale: 

I  ms/cm 


EXPANDED  SCALE  PAM  OUTPUT  -  50%  DUTY  CYCLE 


FIGURE  II-3.  7-2 

50%  PAM  ON  70  kc  ±15%  CHANNEL 
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1. 


PAM  Input 

Vertical  Scale: 
lOV/cm 

2.  Full  Scale  Level 

Vertical  Scale: 

0.  05V/cm 
(0.25%  FBW/cm) 

3.  Discriminator  Output 

Vertical  Scale: 

0.  05V/cm 

(0.  25%  FBW/cm) 

4.  Discriminator  Output 

Vortical  Scale: 
25V/cm 

Horizontal  Scale: 

0.  1  me/cm 


a.  40%  PAM 


1.  PAM  Input 

Vertical  Scale: 
lOV/cm 

2.  Full  Scale  Level 

Vertical  Scale: 

0.  05V/cm 

(0.  25%  FBW/cm) 

3.  Discriminator  Output 

Vertical  Scale: 

0.  05V/cm 

(0.  25%  FBW/cm) 

4.  Discriminator  Output 

Vertical  Scale: 
25V/cm 

Horizontal  Scale: 

0.  1  ms/cm 


b.  70%  PAM 


FIGURE  II-3.  7-3 

40%  AND  70%  PAM  ON  70  kc  ±15%  CHANNEL 
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1.  Discriminator  CXitput 

Vertical  Scale: 
5V/cm 

(25%  FBW/cm) 

2.  PAM  Input 

Vertical  Scale: 
IV/cm 

(20%  FBW/cm) 

Horizontal  Scale: 

0,  2  ms/cm 


i,  PAM  INPUT  AND  OUTPUT  -  NO  SCALE  EXPANSION 


PAM  Input 

Vertical  Scale: 
lOV/cm 

I.  Full  Scale  Level 
Vertical  Scale: 

0.  05V/cm 

(0.  25%  FBW/cm) 

.  Discriminator  Output 
Vertical  Scale: 

0.  05V/cm 

(0.  25%  FBW/cm) 

.  Discriminator  Output 
Vertical  Scale: 
25V/cm 

forizontal  Scale: 

.  2  ms/cm 


.  EXPANDED  SCALE  PAM  OUTPUT  -  50%  DUTY  CYCLE 

FIGURE  II-3.  7-4 

50%  PAM  ON  165  kc  ±15%  CHANNEL 
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1.  PAM  Input 

Vertical  Scale: 
lOV/cm 

2.  Full  Scale  Level 

Vertical  Scale: 

0.05V/cm 

(0.  25%  FBW/cm) 

3.  Discriminator  Output 

Vertical  Scale: 

0.  f'SV/cm 

(0.  25%  FBW/cm) 

4.  Discriminator  Output 

Vertical  Scale: 
25V/cm 

Horizontal  Scale: 

0.  2  ma/cm 


a.  40%  PAM 


1.  PAM  Input 

Vertical  Scale: 
lOV/cm 

2.  Full  Scale  Level 

Vertical  Scale: 

0.  05V/cm 
(0.  25%  FBW/cm) 

3.  Discriminator  Output 

Vertical  Scale: 

0.  05V/cm 
(0.  25%  FBW/cm) 

4.  Discriminator  Output 

Vertical  Scale: 

25V/cm 

Horizontal  Scale:  b.  70%  PAM 

0.  2  ms/cm 


FIGURE  U-3.  7-5 

40%  AND  70%  PAM  ON  165  kc  ±15%  CHANNEL 
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0%  25%  50%  75%  100% 

PDM  Input  Pulse  Duration  In  Percent  Full  Scale 


Trace  1.  Discriminator  Output 

Vertical  Scale;  5v/cm  (25%  FEW /cm) 

Trace  2.  PAM  Input 

Vertical  Scale:  Iv/cm  (20%  FBW/cm) 

Horizontal  Scale:  100  microseconds/cm 


FIGURE  n-3.  7-6 
PDM  ON  70  kc  ±15%  CHANNEL 
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1.  Discriminator  Output 

Vertical  Scale; 
5v/cm 

2.  PAM  Input 

Vertical  Scale: 
Iv/cm 

Horizontal  Scale: 

20  microseconds 


a,  0%  FS  PDM  Input  and  Output 


1.  Discriminator  Output 

Vertical  Scale: 
5v/cm 

2,  PAM  Input 

Vertical  Scale: 
Iv/cm 

Horizontal  Scale: 

100  microseconds/cm 


b,  100%  FS  PDM  Input  and  Output 


FIGURE  II-3.  7-7 

0%  AND  100%  PDM  ON  70  kc  ±15%  CHANNEL 
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^15%  PDM  Deviation 
Vertical;  0.  5%  FEW /cm 
RMS  Level:  27  mv  max. 


±7,  5%  PDM  Deviation 
Vertical:  0.  5%FBW/cm 
RMS  Level:  24  mv  max. 


LEE 


CF 


HBE 


100%  FS  PDM  Modulation  on  the  70  kc  ±15%  Channel 
Search  Channel;  40  kc  ±7.  5% 


FIGURE-3.  7-8 

EFFECT  OF  PDM  MODULATION  ON  ADJACENT 
CHANNEL  INTERMODULATION  -  IRIG  BASEBAND 
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25%  50%  75%  100% 

PDM  Inpiit  Pulse  Duration  In  Percent  Full  Scale 

Trace  1.  Discriminator  Output 

V<*rtiral  Scale:  5v/cm  (25%FBW/cm) 

Trace  2.  PAM  Input 

Vertical  Scale:  1  v/cm  (20%  FBW/cm) 

Horizontal  Scale:  50  microseconds /cm 


FIGURE  II-3.  7-9 
PDM  ON  165  kc  ±15%  CMf\NNEL 


-  307  - 


1.  Discriminator  Output 

Vertical  Scale: 
5V/cm 

2.  PAM  Input 

Vertical  Scale: 
IV/cm 

Horizontal  Scale: 

10  microseconds/cm 


a.  0%  FS  PDM  Input  and  Output 


1,  Discriminator  Output 

Vertical  Scale: 
5V/cm 

2.  PAM  Input 

Vertical  Scale: 

1  V/cm 

Horizontal  Scale: 

50  microseconds/cm 


b.  100%  FS  PDM  Input  and  Output 


FIGURE  U-3.  7-10 

0%  AND  100%  PDM  ON  155  kc  ±15%  CHANNEL 
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±15%  PDM  Deviation 
Vertical:  0.  5%  FEW /cm 
RMS  Level:  49  mv  max. 


b.  ±7,  5%  PDM  Deviation 
Vertical:  0.  5%  FEW /cm 
RMS  Level:  21  mv  max. 


LEE 


CF 


HEE 


100%  FS  PDM  Modulation  on  the  165  kc  ±15%  Channel 
Search  Channel;  93  kc  ±7.  5% 


FIGURE  U-3.  7-11 

EFFECT  OF  PDM  MODULATION  ON  ADJACENT  CHANNEL 
INTERMODULATION  -  EXPANDED  PROPORTIONAL  EANDWIDTH  EASEEAND 
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FIGURE  II-3.  7-12 
PCM  BLOCK  DIAGRAM 


TABLE  U-3.  7-13 
PCM  BIT  ERROR  DATE 


IPIG  Baseband 


Expanded  Baseband 


ACC  Level: 
Mult.  Level: 
Bit  Rate: 
Channel: 
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/.o  Vhus 
h/jf 
7okctrS7» 

0. 7/^3M 


^  ¥.d 

iSo  Mi^rms 


(S/N) 

c 

(db) 

Bit  Errors 

Time  Interval 
(Sec.  ) 

Bit  Error 
Probability 

IRIG  Baseband 

8 

?7 

^0-0 

2J¥  x/e'*" 

7 

¥/ 

L  o 

C 

V7E 

3.7 fx  /<»■■*' 

s 

WBnEM 

(0  0 

¥ 

msKBrn 

Co 

2 

/ef,  3-28' 

<00 

EZEKHBi 

Co 

K’BTSffBTHl 

Expanded  Baseband 

/d 

/yy 

/SO 

E99SBSEI 

/7 

75 

uo 

EESI^SH 

/O 

?S{> 

60 

g.99x/o'* 

/¥ 

waciam 

60 

frmntB 

J3 

60 

BEBSMI 

/Z 

.  8/3’ 

io 

WKnmsM 

/£> 

/7^'2ZZ 

60 

9 

279, 7¥7 

to 

j^TTHiTM 

Name  Date  3//i/££ 

-311- 


IRIG  Baseband 

Search  Channel:  40  kc  *■!,  5% 
PCM  Channel:  70kci:15% 
Vertical:  0.  5%  FBW/cm 
RMS  Level:  25  mv  max. 


Expanded  Baseband 
Search  Channel:  93  kc  ±1,  5% 
PCM  Channel:  165  kc  ±15% 
Vertical:  0.  5%  FBW/cm 
RMS  Level:  60  mv  max. 


All  other  charnels  in  baseband  modxilated 

FBW  at  0,  1  f  where  f _  is  the  maximum 

m  m 

rate  for  a  deviation  ratio  of  5. 


FIGURE  n-3.  7-14 

EFFECT  OF  PCM  MODULATION  ON 
ADJACENT  CHANNEL  INTERMODULATION 
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a.  IRIG  Baseband 

Search  Channel:  40  kc^7,  5% 
PCM  Channel:  70  kc  ±15% 
Vertical:  0.  5%  FBW/cm 
RMS  Level:  15  mv  max. 


b.  Expanded  Baseband 

Search  Channel:  93  kc  ±7.  5% 
PCM  Channel:  165  kc  ±15% 
Vertical:  0.  5%  FBW/cm 
RMS  Level:  54  mv  max. 


LBE  CF  HBE 


All  other  channels  in  baseband  are 
turned  off. 


FIGURE  n-3.  7-15 

EFFECT  OF  PCM  MODULATION  ON  ADJACENT 
CHANNEL  INTERMODULATION  -  TWO  CHANNEL  MULTIPLEX 


-313- 


